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The work reported in this paper is 
part of a general program being con- 
ducted by Dr. W. J. Nungester and col- 
leagues in which a search is being made 
for factors which may be responsible for 
differences in host resistance to a given 
microorganism. In this program, stud- 
ies have been made on guinea pigs and 
rats in an effort to explain the marked 
and opposite reaction of these two hosts 
to Diplococcus pneumoniae type | and 
Bacillus anthracis. 

This paper is concerned with an in- 
vestigation of the effect of fractions of 
D. pneumoniae and B. anthracis on 
the enzyme _ adenosinetriphosphatase 
(ATPase) of leucocytes obtained from 
guinea pigs or white rats, The first ob- 
jective was to partially characterize 
enzyme ATPase from leucocytes of 
these hosts. Then, the effects of frac- 
tions of pathogens thought to be re- 
lated to their virulence on this enzyme 
were studied. In other words, would the 
enzyme (ATPase) systems of the leuco- 
cyte nuclei-free (WBC n.f.) homogenate 
of a resistant animal differ from those 
of a susceptible host; this would be an 
important factor in understanding spe- 
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cies resistance of the host to infection. 

In this paper evidence is presented 
that adenosinetriphosphate (ATP) is 
involved in the metabolism of peritoneal 
exudates and spleen homogenates. It 
is also shown that the bacterial fraction 
known to be associated with virulence 
will inhibit the enzyme activity of 
ATPase; the same bacterial fraction 
activates the AT Pase when tissue homo- 
genates are prepared from a host natu- 
rally resistant to the parasite. 


MATERIALS AND METHODS 


Source and preparation of leucocyte nuclei-free 
(n.Jf.) homogenates.—White blood cells were ob- 
tained for study by inducing exudation into the 
periotoneal cavities of the donor animals.' The 
day before the cells were to be used 100 ml of 
saline (0.85 percent NaCl) containing 1 percent 
glucose were injected intraperitoneally into each 
animal. The rats were anesthetized to expedite 
injection but this was not necessary with guinea 
pigs. The exudate was collected 12 to 18 hours 
later. The animals were sacrificed by a sharp 
blow on the head. The exudate was collected 
from the open abdomen and that from several 
animals was pooled in a cooled 250 ml centrifuge 
bottle containing heparin as an anticoagulant. 
The bottles were kept in a bath of ice water 
throughout the white blood cell harvest and all 
centrifugation was done in a room kept at 
about 2C. 

The cells were concentrated by centrifugation 
at 250 G for 10 minutes. The supernate was dis- 
carded and the cells resuspended in isotonic 
saline. The process was repeated three times. 
After the last decantation the packed leucocytes 
were suspended in a minimal quantity of saline 
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and centrifuged at 500 G for 15 minutes. A 10 per- 
cent suspension (using distilled water) was pre- 
pared from the packed washed cells, The suspen- 
sion was frozen and thawed with resulting lysis of 
the leucocytes. The homogenate thus obtained 
was centrifuged at 500 G for 15 minutes to sepa- 
rate the nuclei. The slightly opalescent super- 
natant obtained will be referred to as nuclei-free 
leucocyte homogenate. 

Reagents. 2-amino-2-methy]-1, 3-propanediol*® 
and 2-amino-2-hydroxy-methyl-1,3-propanediol’ 
were kindly supplied by Commercial Solvents 
Corporation, 17 East 42nd Street, New York 17, 
New York. 1,3-diaminobutane’ was generously 
furnished by Sharples Chemical Inc., Phila- 
delphia 9, Pennsylvania. 

Tetrasodium salt of adenosinetriphosphate 
(ATP) was obtained from the Sigma Chemical 
Company, St. Louis, Missouri. Analysis showed 
the material was 95 percent ATP and 5% adeno- 
sine diphosphate (ADP) and inorganic phos- 
phate. 

Pneumococcal polysaccharides.—Purified pneu- 
mococcus type I polysaccharide, SI, was pre- 
pared by Dr. F. C. Kull according to the method 
of Heidelberger, McLeod, Markowitz, and Roe? 
from D, pneumoniae, type | Michigan strain no. 
76. SI-LA was prepared from an avirulent strain 
of D. pneumoniae, type 1. Professor Alan W. 
Bernheimer, New York University College of 
Medicine, graciously supplied the pneumococcus 
type III polysaccharide, SIII, used in this study. 

B. anthracis antigen.—Lyophilized anthrax 
antigen obtained from Dr. George G. 
Wright, Chemical Corps, Biological Laboratories, 
Camp Detrick, Frederick, Maryland. He has 
recently’ described the preparation of this ma- 
terial which stimulates immunity in animals to 
later challenge with virulent vs. anthracis. 

Dephosphorylation of ATP.—The enzyme ac- 
tivity was measured in a micro system patterned 
after DuBois and Potter.‘ As a rule, the test sys- 
tem was composed of 0.1 ml of the WBC (n.f.) 


was 


nm 


. Heidelberger, M., McLeod, C. M., Marko- 
witz, H. and Roe, A. S. 1950, Improved meth- 
ods for the preparation of the specific poly- 
saccharides of pneumococcus. J. Exper. Med. 
91: 341-349, 

3. Wright, G. G., Hedberg, M. A. and Feinberg, 
R, J. 1951, Studies on immunity in anthrax I 
in vitro elaboration of protective antigen by 
non-proteolytic mutants of Bacillus anthracis. 
J. Exper. Med. 93: 523-527. 

4. DuBois, K. and Potter, V. R. 1943, The assay 

of animal tissues for respiratory enzymes. III. 

Adenosinetriphosphatase. J. Biol. Chem. 150: 

185-195. 


homogenate, 0.15 ml of 0.013 M of the substrate 
solution, 0.05 ml of 0.04 M MgCls, 0.15 ml of the 
buffer (2-amino-2-hydroxymethyl-1, 3-propane- 
diol) solution. The total volume of the assay sys- 
tem was 0.65 ml in a 10X55 mm test tube. The 
mixture was incubated for 10 minutes at 37.5+ 
0.5 C. At the end of the incubation period, the 
reaction was stopped by the addition of 0.1 ml of 
50% (w/v) trichloroacetic acid. The tubes were 
immediately centrifuged in a cold room. Three- 
tenths ml of the supernatant was used for ortho- 
phosphate assay, by the method of Fiske and 
Subbarow.’ The optical density was determined 
with the Beckman DU spectrophotometer, using 
Lowry-Bessey micro-cuvette,’ at \820 my. Tissue, 
reagent, and substrate blanks were run with all 
experiments, and the results subtracted from the 
experimental values. 


RESULTS 
I. Characterization of the enzyme AT Pase 


pH.—\t was found from pH depend- 
ence data that there was an optimum 
range for the guinea pig and the rat 
WBC (n.f.) homogenate ATPase ac- 
tivity varying from pH 9.5 to 9.7 when 
tested in 1,3-diaminobutane’ and 2- 
amino-2-methyl-1,3-propanediol*® — buf- 
fers. 

Tem perature.—Four investigations of 
ATPase activity in the guinea pig 
WBC (n.f.) homogenate were carried 
out at various temperatures. Three 
series of determinations were made with 
the rat WBC (n.f.) homogenate to de- 
fine ATPase activity at various tem- 
peratures. The temperature optimum 
for the enzyme activity was found to be 
38° C for preparations from both species. 


5. Fiske, C. H. and Subbarow, Y. 1925, The 
colorimetric determination of phosphorus. J. 
Biol. Chem. 66: 375-400. 

6. Lowry, O. H. and Bessey, O. A. 1946, The 
adaptation of the Beckman spectrophotom- 
eter for measurements on minute quantities 
of biological materials. J. Biol. Chem, 163: 
633-639. 

7. Gomori, G. 1952, The complex nature of alka- 
line phosphatase. Biochemica et Biophysica 
Acta. 8: 162-172. 

8. Gomori, G. 1946, Buffers in the range of pH 
6.5 to 9.6. Proc. Soc. Exper. Biol. & Med. 62: 
33-34. 
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Activation by ions.—The effect of cal- 
cium and magnesium ions on ATPase 
has been much discussed in the litera- 
ture.’ The homogenate 
ATPase activity requires Mg** rather 
than Ca**. In myosin-AT Pase, Ca** is 
the activator and Mg** is the inhibi- 
tor..° The optimum concentration of 
Mg** for both guinea pig and rat WBC 
(n.f.) homogenate was 0.003 M. On the 
other hand, Ca** appears to be a dis- 
pensable factor in the activity of the 
enzyme. 

Ethylene diamine tetraacetate (EDTA). 
—Nearly complete inhibition of the en- 
zyme activity takes place in the concen- 
tration of 10°? M of EDTA." The 10° 
M EDTA treated guinea pig WBC (n.f.) 
homogenate ATPase activity cannot be 
restored completely by the addition of 
10-' M Cat or Mgt*. But in 10°? M 
EDTA treated rat WBC (n.f.) homog- 
enate, Mg** will restore its activity at 
about 3X10-* M, and at 10°? M the 
enzyme activity is activated 200%. Cal- 
cium ion on the other hand does not re- 
move the 10-? M EDTA inhibition. 

Sulfhydryl groups.—In recent years, 
increasing attention has been paid to 
the role of sulfhydryl groups on en- 
zymes. They appear to be essential for 
the action of considerable number of 


leucocyte 


enzymes and probably participate in 
the regulation of enzymatic processes.” 


9. Novikoff, A. B., Hecht, L., Podber, E. and 
Ryan, J. 1952, Phosphatases of rat liver: I. 
The dephosphorylation of adenosinetriphos- 
phate. J. Biol. Chem. 194; 153-170. 

10. Engelhardt, B. A. 1946, Adenosinetriphos- 
phatase properties of myosin, Advances in 
Enzymology, vol. 6, Interscience Publishers, 
Inc., New York, pp. 147-191. 

11. Hunters, S. H., Provasoli, L., Schatz, A. and 
Haskins, C. P. 1950, Some approaches to the 
study of the role of metals in the metabolism 
of microorganism. Proc. Am. Phil. Soc. 94: 
152-170. 

12. Barron, E. S. G. 1951, Thiol groups of bio 
logical importance, Advances in Enzymol- 
ogy, vol. 11. Interscience Publishers, Inc., 
New York, pp. 201-266. 








All enzymes can be divided into two 
classes: those requiring the presence of 
sulfhydryl groups for their actions and 
those not requiring this group. Whether 
an enzyme belongs to one or the other 
group may be determined by its be- 
havior toward reagents that react with 
sulfhydryl or disulfide groups. One of 
these reagents is p-chloromercuriben- 
zoate."* At 10-* M concentration of the 
reagent, the enzyme activity was in- 
hibited to the extent of 63% in guinea 
pig WBC (n.f.) homogenate and at the 
same concentration the ATPase ac- 
tivity in the rat WBC (n.f.) homogenate 
was inhibited by about 30%. 
KCN.—-Muscle ATPase _ has 
reported to be completely insensitive 
to potassium cyanide in concentration 
up to 0.1 M, On the other hand Binkley, 
Ward and Hoagland” found that this 
concentration of potassium cyanide ex- 
erted certain inhibitory effects on 
ATPase activity, while a 0.01 M con- 
centration the sulfhydryl 
groups in the system. They presented 
evidence in favor of the hypothesis that 
sulfhydryl groups of the myosin mole- 


been 


increased 


cule are functional units in the cleavage 
of phosphate from adenosine triphos- 
phate. 

KCN in the concentration range of 
10-* to 10°-* M activated ATPase in 
WBC (n.f.) homogenates 32 to 100% 
for the guinea pig and about 20 to 30% 
for the rat. 

Ascorbic acid.—According to the work 
of Engelhardt’® when solutions of myo- 
sin were treated with a mild oxidizing 
agent, ATPase activity was diminished. 


13. Barron, E. S. G. and Singer, T. P. 1945, 
Studies on biological oxidation: XX. Sulf- 
hydryl enzymes in fat and protein metabo- 
lism. J. Biol. Chem. 157: 241-253. 

14. Binkley, F., Ward, S. M. and Hoagland, 
C. L. 1944, Reversible inactivation of the 
adenosinetriphosphatase activity of myosin 
preparation with copper and cyanide. J. 
Biol. Chem. 155: 681-682. 
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When the oxidized myosin was treated 
with reducing agents such as gluta- 
thione, and to a lesser extent, ascorbic 
acid, both of which are known to reduce 
oxidized su'fhydryl groups, a considera- 
ble increase in AT Pase activity resulted. 
Nungester and Ames' demonstrated a 
relationship between the ascorbic acid 
content of guinea pig polymorphonu- 
clear leucocytes and phagocytic activity. 
They reported that leucocytes with low 
ascorbic acid content were lacking in 
phagocytic activity. 

In this investigation ascorbic acid ac- 
tivated ATPase from rat and guinea pig 
WBC (n.f.) homogenates by 1400 and 
400%, respectively. 

Glutathione.— Ascorbic acid and gluta- 
thione are biochemically related. Gluta- 
thione prevents inactivation of the sulf- 
hydryl groups of enzymes. When oxi- 
dized, the ATPase activity of myosin 
solution is diminished; however, the ac- 
tivity is restored with reducing agents 
such ascorbic acid, glutathione, etc.'® 
Thus, the inactivation and reactivation 
of myosin-AT Pase results from the dis- 
appearance and restitution of sulfhy- 
dryl groups. 

Glutathione was found to activate the 
ATPase in guinea pig WBC (n.f.) 
homogenate about four times as much 
as in the rat homogenate at concentra- 
tions of 10-* to 10-* M. 


II. A comparative study of the effect of 
pneumococcal polysaccharides from 
virulent and avirulent type I 
D. pneumoniae and also 
B. anthracis antigen on 
the AT Pase activity of 
WBC (nf.) homog- 
enates of the guinea 
pig and the rat 


The lethal dose of type I pneumo- 
cocci is a million times greater for the 
guinea pig than the rat. This difference 


stimulated comparative investigation 
of the action of a specific polysaccharide, 
SI, on the ATPase activity of WBC 
(n.f.) homogenate from the susceptible 
rat, and the resistant guinea pig. For 
similar reasons the effect of a specific 
polysaccharide, SI-L4, from an aviru- 
lent strain of type I pneumococci was 
investigated. With respect to B. an- 
thracis the guinea pig is the susceptible 
host and the rat is resistant. Assuming 
that the protein antigen of Wright*® was 
related to virulence of B. anthracis, 
since it stimulated immunity to chal- 
lenge with virulent organisms, a study 
of the effect of this antigen on ATPase 
activities in the WBC (n.f.) homogenate 
from the rat and guinea pig was made. 

SI and SI-L4 on ATPase activity.— 
The effect of SI on ATPase in guinea 
pig WBC (n.f.) homogenate was to 
double the activity of the enzyme. On 
the other hand, the ATPase activity of 
rat WBC (n.f.) homogenate was de- 
creased by about 47% (table 1). 

Polysaccharide from an avirulent 
type I D. pneumoniae was designated 
SI-L4. The avirulent strain of penu- 
mococcus type I was obtained from a 
rat lung which had been inoculated with 
a virulent strain of type | pneumococcus 
(strain 76) by Alonso.’"® When he tested 
it for virulence, a dose of 10° organisms 
failed to kill the rat. Passing the same 
quantity of organisms through the peri- 
toneal cavity of rats did not increase its 
virulence. 

The effect of the polysaccharide from 
the avirulent pneumococcus type I on 
ATPase activity of the rat and the 
guinea pig WBC (n.f.) homogenate was 
studied. The result was the reverse of 
the inhibitory effect of SI on ATPase 





15. Alonso, D. 1952, A comparative study of the 
metabolism of leucocytes from guinea pigs 
and rats. Doctoral Dissertation, Dept. of 
Bacteriology, Univ. of Mich 
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TABLE 1.—The effect of SI on ATPase activity ot 
the guinea pig and the rat leucocyte 
(n.f.) homogenates. 


Concentration 


during 120 
minutes 


Concentration 


Percent change 
during 10 


from control 





minutes = 
preliminary . 
incubation Guinea 

ae at 37.5 C pig Rat 

6.5 X10"% 1 X10°% 29.0* —47.0* 
6.5 K10-°% 1 X10°°%, 82.5 —43.0 
6.5 K10"°*%, 1 X10-*% 106.0 —47.5 
6.5 K10% 1 X10% 82.5 —47.5 
6.5 X10 0% 1 x10°%% 106.0 ~30.0 
6.5 K10™% 1 x10°*%, 106.0 —24.0 
6.5 X10-™% 1 x107°% 94.0 26.5 








_* The figures represent the mean values of 8 determina 
tions 


activity in the rat WBC (n.f.) homo- 
genate. The enzyme was activated from 
about 90 to 150%. SI-L4 did not affect 
the ATPase activity pig 
WBC (n.f.) homogenate. 

Anthrax antigen on AT Pase activity. 
Metchnikoff* found that in animals 
naturally resistant to anthrax, such as 
the rat, phagocytosis occurred promptly 
and all the ingested bacilli were engulfed 
by leucocytes, while almost no phago- 
cytosis occurred in susceptible species, 
such as guinea pig. 


of guinea 


A study was made of the effect of 
B. anthracis antigen on the ATPase 
activities of WBC (n.f.) homogenate of 
the resistant and susceptible animals, 
respectively. 


TABLE 2.—The effect of B. anthracis antigen on 
ATPase activity of the guinea pig and the rat 
leucocyte (n.f.) homogenates 


Concentration 


during 120 Concentration 


Percent change 


aelantes during 10 from control 
minutes 
preliminary incubation Guinea 
incubation at 37.5 ( Rat 
at 25 C at 3/ pig 
6.5K10 %, 1 x10 °° None*® 330° 
6.5xK10°w", 1x10°%% 27 130 
6.5 K10 1% 1x10", 43 i 
6.5K10°% 1x10 %% 25 6 
6.5 «10°, 1x10°°" 21 * 


* The figures represent the mean values of 6 determina 
tions 


16. 


Metchnikoff, E. 1892, Lecons sur la Pathologie 
Comparee de |’ Inflammation. Paris, Masson 
et Cie, 239 pp. 


TABLE 3.—The effect of bacterial fractions (SI, 
SIIT, SI-L4, and anthrax antigen) on the ATPase 
activity of guinea pig, rat, and rabbit leuco- 


cocyte nuclei-free homogenate. 


Leucocyte (n.f.) SI Anthrax 


s 3 . 
homogenate of: antigen SI SILA 
Guinea pig: 
a. Susceptible to: 
B. anthracis 
b. Resistant to + + + 


D. pneumoniae 
type I and III 


Rat: 
a. Susceptible to 
D. pneumoniae 
type I and Ill + } 
b. Resistant to 
B. anthracis 


Rabbit: 
a. Susceptible to 
D. pneumoniae 
type I and 
anthyacis + 
b. Resistant to 
D. pneumoniae 
type IIS 


* SI-LA, polysaccharide prepared from avirulent strain 
of D. pneumoniae; a dose of 10° organisms injected intra 
peritoneally failed to kill any of the hosts 

+, enzyme activity enhanced 

, enzyme activity inhibited 


Table 2 shows that B. anthracis anti- 
gen activated the ATPase activity in 
the rat WBC (n.f.) homogenate. The 
converse was true for the enzyme from 
the guinea pig. The activity was in- 
hibited by as much as 33%, 


III. The effect of bacterial fractions on 
the AT Pase activity of rabbit WBC 
(n.f.) homogenate 


This additional study was made be- 
cause rabbit is a host susceptible to 
type | D. pneumoniae but naturally re- 
sistant to type II1.!’ 

SI inhibited the enzyme preparation 
by approximately 40% when the con- 
centration of the polysaccharide was 
about 0.1%. SILI and SI-L4 enhanced 
the enzymatic activity of the homog- 
enate. 


table 3. 


The results are summarized in 


17. Tillet, W. S. 1927, Studies on immunity to 
pneumococcus mucosus (type IIT). I]. The 
infectivity of Type III pneumococcus for 
rabbits. J. Exper. Med. 45: 1093-1106. 
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TapLe 4.—-The effect of bacterial fractions (SI, 
SIITI, SI-LA and anthrax antigen) on the ATPase 
activity of guinea pig, rat, rabbit and mouse 
spleen homogenate. 


Spleen homogenate Anthrax - * 
of: SI antigen Si-l4 


Sill 
Guinea pig: 
a. Susceptible to: 
B. anthracis 
b. Resistant to: + + + 
D. pneumoniae 
type I and Ill 


Rat: 
a. Susceptible to: 
D. pneumoniae + - + 
b. Resistant to: 
B. anthracis 
Rabbit 
a. Susceptible to: 
D. pneumoniae 
re I and 
anthracis . + + 
b. Resistant to: 
D. pneumoniae 
type III 
Mouse: 
a. Susceptible to 
D. pneumoniae 
type I and III + 
and also B 
anthracis 


* SI-LA, polysaccharide prepared from avirulent strain of 
D. pneumoniae; a dose of 10° organisms injected intraperi 
toneally failed to kill any of the hosts. 

+, enzyme activity enhanced 
—, enzyme activity inhibited. 


IV. The effect of ST, SIIT, and anthrax 
antigen on the AT Pase activity of 
the spleen homogenate of the 
guinea pig, rat, rabbit, 
and mouse 


The question arose whether or not 
other tissues of the reticuloendothelial 
system might be similarly affected by 
bacterial antigen as that of the leuco- 
cyte homogenate. Substantial data were 
obtained showing that the spleen ATP- 
ase activity of the given host is simi- 
larly enhanced or inhibited by bacterial 
fractions as the leucocyte ATP hydro- 
lyzing enzyme. The results are tabu- 
lated in table 4. 


DISCUSSION 


It is generally accepted that the activ- 
ity of any cell depends on the types and 
relative activities of its enzymes. The 
answer to whether a given fraction of a 
virulent parasite influences enzyme 








systems (particularly the energy re- 
leasing ones) of a resistant host differ- 
ently than those of a susceptible animal 
is an important factor in understanding 
host resistance. 

In the present investigation certain 
factors and conditions which have been 
known to effect phagocytosis also af- 
fect ATPase activity in the WBC (n.f.) 
homogenates. Furthermore, substantial 
similarities were found between the 
leucocyte homogenate and the spleen 
homogenate ATPase. For instance, the 
homogenates were activated by Mg**. 
Magnesium ion is claimed to “increase 
both the ameboid activity and the num- 
ber of ingested particles per cell’’'* Kiel- 
ley and Kielley’® reported that mouse 
liver mitochondrial ATPase was mag- 
nesium-activated. Novikoff, Hecht, 
Podber, and Ryan® reported a mag- 
nesium activated ATPase in the 
lated mitochondria of rat liver. 

Nungester® reported that the addi- 
tion of cyanide had no effect on leuco- 
cyte phagocytic activities and stated: 
‘.., phagocytes, at least guinea pig 
exudate cells, can phagocytize in an 
atmosphere of nitrogen or in the pres- 
ence of cyanide in concentrations suffi- 
cient to block aerobic metabolism, ac- 
cording to results from our laboratory. 
... It is teleologically significant that 
these scavenger cells can operate in 
low oxygen tension.” In the present in- 
vestigation KCN in concentrations of 
10-* to 10-* M activated ATPase in 


iso- 


8. Kleine, E. 1952, Minutes of formed elements 
meeting, Univ. Lab. of Phys. Chem. Related 
to Med. and Pub. Health, Harvard Univ., 
Boston, May 15, 1952; quoted by Tullis, 
J. 4 . 1963, 
Blood, 8: 564. 

19. Kielley, W. W. and Kielley, R. K, 1953, A 

specific adenosinetriphosphatase of liver 

mitochondria. J. Biol. Chem. 200: 213-222. 
20. Nungester, W. J. 1951, Resistance to infec- 
tious diseases. Bact. Rev. 15: 105-129. 


Preservation of Leukocytes. 











leucocyte (n.f.) homogenates. Binkley, 
Ward, and Hoagland“ found a similar 
situation with respect to myosin-ATP- 
ase activity. Leucocytes seem to have 
great propensity for deriving their 
energy from an anaerobic glycolytic 
cycle. Probably for these reasons leuco- 
cytes can continue their phagocytic 
activities in low oxygen tension as well 
as in the presence of cyanide. 

Fractions of pathogens believed to be 
associated with virulence of certain 
parasites as pneumococcus polysaccha- 
ride and anthrax antigen have been 
shown in this study to alter ATPase 
activity of leucocytes and spleen even 
in low concentrations. Thus, it is tempt- 
ing to postulate that the effect exerted 
by such fractions on ATPase activity 
of phagocytic cells of a given host may 
be an important factor determining 
whether or not the host will be suscep- 
tible to the parasite. 


SUMMARY 


1. Adenosinetriphosphatase activity 
has been found in the leucocyte, nuclei- 
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free, homogenate of the guinea pig, rat, 
and rabbit; and in spleen homogenate of 
guinea pig, rat, rabbit, and mouse. 

2. The enzyme has been partially 
characterized, 

3. Si the ATPase from 
guinea pig (resistant host) leucocytes 
100% or more above the control in the 
concentration range of 10-* to 107-*%, 
The ATPase from rat (susceptible host) 
leucocytes was inhibited by 47% by 
concentrations of 107% to 10-'®% of SI. 
The rabbit leucocyte ATPase was in- 
hibited by SI but activated by SIII. 

4. SIII also enhanced the enzyme ac- 
tivity of guinea pig (resistant) leucocyte 
ATPase. This pneumococcal polysac- 


activated 


charide inhibited the enzyme activity of 
rat and mouse (susceptible hosts) tissue 
homogenates, 

5. B. anthracis antigen inhibited the 
enzyme activity in homogenates of cells 
of susceptible hosts (guinea pig, rabbit, 
and mouse), but activated ATPase 
activity of homogenates prepared from 
the rat, which is naturally resistant to 
anthrax. 














COMPARATIVE STUDY OF HOST RESISTANCE OF GUINEA PIG 
AND RAT 


Ill. PREUMOCOCCIDAL EXTRACTS FROM THE LIVER AND SPLEEN OF THE SUS- 
CEPTIBLE RAT AND THE RESISTANT GUINEA PIG 


DORA A. HENLEY* AND WALTER J. NUNGESTER 
From the Department of Bacteriology, University of Michigan, Ann Arbor, Michigan 


There have been numerous reports of 
antibacterial materials extracted from 
various organs from a number of differ- 
ent animal species.’~’ In some cases 
there has been a definite attempt to cor- 
relate the existence of the antibacterial 
agent in the tissues with the resistance 
of the animal to the disease.*~'’ On 
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the whole, however, from the existing 
evidence such a correlation 
difficult. 

This present investigation is con- 
cerned with the isolation, partial puri- 
fication and characterization of a pneu- 
mococcidal agent from the liver and 
spleen of the resistant guinea pig and 
the susceptible rat. 


has been 


METHODS AND MATERIALS 


Animals.—The guinea pigs and white rats 
(Sprague-Dawley strain) used in these experi- 
ments were normal adult individuals which had 
not been previously injected with pneumococcus 
antigen or antibody. All animals were fasted 18 
to 24 hours previous to sacrificing. 

Organism.—The test organism was Diplococcus 
pneumoniae type | strain 76. Virulence was main- 
tained by animal passage through rats at inter- 
vals of about 3 weeks. The virulence of the organ- 
ism was such that a 1 X10~7 dilution of a 6 hour 
culture (approximately 10 to 100 organisms) was 
lethal for rats by intraperitoneal inoculation. The 
LD for guinea pigs by the same route of inocu- 
lation was between | X10’ and 1 & 10* organisms. 

For routine subculture a 0.1 ml! inoculum was 
introduced into 10 ml of Difco brain heart infu- 
sion browth (BHI). This was incubated for 6 
hours at 37 C, and then stored at 2 to 5 C. A cul- 
ture was never used after 24 to 48 hours storage. 

Harvesting of tissues.—Animals were sacrificed 
by means of ether. The tissues were removed 
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aseptically and placed immediately in a mixture 
of ethanol and dry ice. The gall bladder, in the 
case of the guinea pig, was removed intact and 
discarded before freezing the tissue. Since the 
white rat does not possess a gall bladder no such 
precaution was necessary for this species. 
Measuring antibacterial activity of tissue ex- 
tracts.—The tube dilution method was used for 
assaying antibacterial activity. After incubating 
the inoculum with the extract suspended in BHI 
broth for 6 hours at 37 C, plate counts were made. 
The minimum concentration of extract causing 
sterilization of a maximum inoculum in 6 hours 
was taken as the end point for bactericidal ac- 
tivity. 

Preparation of tissue extract.—Preliminary ex- 
periments, using the filter pad technique, indi- 
cated an antipneumococcal property in minced 
livers, liver homogenates and especially in con- 
centrated aqueous extracts of liver. This latter 
material, however, was unsuitable for quantita- 
tive assay. A 50% ethanol soluble extract was 
found to be more satisfactory. It was prepared 
as follows. One hundred grams of frozen liver 
were homogenized in 100 ml of sterile distilled 
water at room temperature for 2 minutes in a 
waring Blender, then held at 5 C for 1 hour. Etha- 
nol was added to give a final concentration of 
50% by volume and the mixture allowed to stand 
2 hours at room temperature. A heavy precipitate 
formed which was filtered off and discarded. The 
clear, greenish yellow filtrate became cloudy on 
standing. The alcohol was removed by boiling 
under reduced pressure at 40 to 50 C. This latter 
step required from 4 to 18 hours depending upon 
the original volume of the material. During this 
process the material developed a marked turbid- 
ity. After centrifugation at approximately 4000 
G for 1 hour, the supernatant, which was still 
distinctly turbid, was shell frozen and dried under 
vacuum. The dried residues were stored in sterile 
bottles in a desiccator, Aseptic precautions were 
followed throughout the procedure. 


EXPERIMENTAL 


Preliminary investigation with crude 
aqueous extracts of liver, as previously 
mentioned, indicated a marked differ- 
ence in the antibacterial property of the 
material obtained from the resistant 
guinea pig and the susceptible rat. It 
was possible that the source of the ob- 
served antipneumococcal activity of the 
tissue extracts might be the blood in the 
highly vascular organs (liver and 
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spleen), hepatic bile, or a product de- 
rived from the tissues during processing 
or by bacterial enzyme action during 
incubation of extract with the inoculum. 
However, ethanol extracts of blood 
failed to show any antipneumococcal 
activity. The active agent in the extract 
was shown to have properties different 
from bile (extract non-Seitz filterable, 
inactivated by serum and quantita- 
tively more active than bile), and find- 
ing the spleen to yield active extracts 
further differentiated the active factor 
from bile. 

That the antipneumococcic agent in 
the extracts was not an enzymatically 
derived product was shown by the fact 
that incubation of homogenates at 37 C 
before extraction did not enhance the 
activity of the final product. Further- 
more, boiling for 30 minutes to drive off 
the ethanol in the solution, instead of 
the longer procedure of distilling it off 
under reduced pressure, failed to pro- 
duce any change in the titer of the final 
product, 

A study of the time and mode of ac- 
tion of the antipneumococcal extract 
indicated that the pneumococci were 
killed almost instantly, especially in the 
suspensions of higher concentrations 
of extract. The colony counts were 
markedly reduced in 5 minutes (from 
4X10? to 110"), although intact cells 
were still observed. However, after 2 
hours the cells appeared to be com- 
pletely lysed. The immediate killing ac- 
tion of the extract is not compatible 
with the hypothesis that a toxic factor 
is released from the extract through 
enzymatic action of bacterial enzymes. 

Pneumococcidal activity of tissue ex- 
tracts.—Fifty percent ethanol soluble 
extracts of pooled liver of the guinea 
pig and of the rat were prepared and 
tested for pneumococcidal activity. The 
number of animals represented in the 
pools varied and the extracts were not 
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TABLE 1.—-A comparison of the pneumococcidal activity of 50% ethanol-soluble extracts prepared 


from pooled guinea pig liver and from pooled rat liver. 








Number of animals represented (Guinea pig Rat 
Minimum , Minimum , 
concentration em any concentrat ion mee + ~—y 
Guinea pig Rat destroying complete! destroying completely 
menmem destroy menupams destroyed 
inoculum, fn 6 heen inoculum, 6 ho 
mg per mi mg per ml in 6 hours 
10 » 1.75 10° 50 108 
14 « 0.1 10’ 50 10" 
14 i4 1.0 10° 10 10¢ 
4 “4 0.1 10° 50 1 
14 14 0.3 107 5O 10° 
14 14 0.3 10’ 10 108 
6 i4 7.0 106 10 10° 
» 6 0.01 10* 10 10° 
16 12 3.0 10° 100 10’ 
10 4 0.1 10° 10 10° 
20 42 1.0 10° 10 108 
2 4 1.0 


| 
] 
| 


all prepared or tested at the same time. 
However, treatment of the animals (18 
to 24 hours fasting) and method of 
processing the material was the same 
in all cases. 

An of table 1, which 
summarizes these data, reveals both a 


examination 


variation of extract activity from tis- 
sues within the species and a marked 
difference in activity of tissue extracts 
between the guinea pig and the rat. 
Whereas the extracts of guinea pig liver 
exhibited a consistently high degree of 
pneumococcidal activity, the activity 
of the rat extracts was of a very low 
order. 

The observation that there was varia- 
tion within the species in the activity 
of the extracts prepared from pooled 
tissues, prompted an investigation of 
the pneumococcidal effect of extracts 
prepared from a number of individuals 
of the two species. 

A total of ten 50% ethanol soluble ex- 
tracts were prepared from the livers of 
ten guinea pigs. The livers of ten rats 
were treated in the same manner. Gen- 
erally, as many as six extracts, repre- 
senting three guinea pigs and three rats, 
were prepared and tested at the same 
time under identical conditions. 

Table 2 summarizes the results of 
these individual animal tests. In ex- 


107 50 10° 





tracts prepared from ten guinea pigs 
six, in a relatively low concentration, 
completely destroyed an inoculum of 
10’ organisms. No rat extract, of the ten 
tested, in the same low concentration 
or even in much higher concentration, 
destroyed a similar inoculum. 

It was apparent from these data that 
there is, within the species, a variation 
of the pneumococcidal activity of liver 
extracts. Furthermore, it was again 
observed that the extracts of guinea pig 
livers are significantly superior to those 
of rat livers in pneumococcidal effect. 
A record was kept of individual weights 
of the livers used in these experiments, 
but no correlation could be drawn be- 
tween the weight of the tissue and its 
pneumococcidal activity. 

This type of study was extended to 
an extract from spleens obtained from 


TABLE 2.—A summary of the pneumococcidal 
activity of 50% ethanol-soluble liver extracts pre- 
pared from ten individual rats and guinea pigs. 


Minimum Number of individual 
concentration Maximum animals having this 

destroying inoculum effect 

maximum completely - - 

inoculum, destroyed Guinea Rats 

mg per mil pigs . 
6.25 1O° 6 0 
25.0 10° 1 
25.0 106 0 1 
50.0 10 i 0 
50.0 108 2 1 
50.0 10° 0 4 
50.0 0 0 4 
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TABLE 3.—A comparison of the pneumococcidal activity of three 50% ethanol-soluble extracts of the 


Guinea pig 


*Spleen 


Sample *Liver 
no. . ~———— 
Ti $2 1 2 
i 0.1 7x10" 100 7x10 
2 0.1 3x10" 0.1 3x10' 
3 5 x10" 1.0 5 x10 


1.0 


* Pooled tissues of 14 animals 


liver and spleen of rats and guinea pigs. 


Rat 
Liver Spleen 
1 2 1 2 
100 7x10 100 7x10 
50 3x10 50 3x10" 
10 5 xK10" 10 5x10 


t Minimum conceatration destroying maximum inoculum, mg per m! 


t Maximum inoculum completely destroyed in 6 hours 


14 guinea pigs. An extract of livers from 
the same animals were examined at the 
same time. Similar extracts were pre- 
pared from the pooled spleens and livers 
of 14 rats. The extracts of both species 
were tested simultaneously. This ex- 
periment was repeated three times; 
thus three different lots of pooled ex- 
tracts, representing a total of 42 ani- 
mals in each species, were prepared and 
tested for pneumococcidal effect. 

The data from these experiments 
(table 3) show in each species a close 
parallelism in pneumococcidal effect of 
extracts prepared from the liver and the 
spleen, but the extracts of both of these 
tissues in the case of the guinea pig were 
superior in activity to those of the rat. 

Fractionation of dried 50% ethanol- 
soluble extract.—The 50% ethanol-solu- 
ble extract was, admittedly, a very im- 
pure fraction. To gain information con- 
cerning the nature of the active principle 
and to study the basis of the difference 
in the activity of the extracts of the two 
species it was necessary to attempt 
further purification. 

Certain properties of the 50% ethan- 
ol-soluble extract, such as the fact that 
it was coctostabile, only weakly soluble 
but easily suspendable in an aqueous 
medium, soluble in 50% ethanol! and 
non-Seitz filterable, suggested that the 
active principle might be a lipid or lipid 
complex. 

The fractionation technique finally 
developed was as follows. A weighed 
amount of dried 50% ethanol-soluble 








with 
purified absolute ethanol by grinding on 
the ball mill for 18 to 24 hours. The in- 
soluble material was removed by cen- 
trifugation at approximately 4000 G 
for 1 hour. An aliquot of this ethanol 
extracted fraction was dried and tested. 
The remainder was dried by boiling 
under reduced pressure in a 40 to 50 C 
water bath. To this was added a meas- 
ured amount of purified ethyl ether. 
The ether extraction was carried out by 
allowing the mixture to stand at 5 C for 
18 to 24 hours. The ether-insoluble frac- 
tion was removed by centrifugation. 
An aliquot of the ethanol-ether ex- 
tracted fraction was also dried and 
tested, the remainder being concen- 
trated by boiling under reduced pres- 
sure. This concentrated ethanol-ether 
extracted fraction was then added to 
an excess of cold purified acetone. The 


material was further extracted 


precipitate which formed was removed 
by centrifugation. The super- 
natant was dried by boiling under re- 
duced pressure. 

In testing for pneumococcidal ac- 
tivity the three fractions were sus- 
pended in BHI broth using a Potter- 
E!vejhem type glass homogenizer. In 


clear 


order to have a basis for comparison of 
the pneumococcidal activity of each 
fraction with that of the dried crude 
50% ethanol extract, the final concen- 
tration of each suspension was made 
equivalent to that of the original dried 
material. 

Such fractions were prepared from 
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TABLE 4.—A comparison of the pneumococcidal activity of organic solvent fractions of the 50% 
ethanol-soluble extracts of guinea pig and rat liver. 














TS Te ee 
mg per ml noses CORES CNTF fraction fraction tracted fraction 
10 3x10" or 0 0 0 
Cuinea pig 1 3x 0 0 0 0 
0.1 3x10" 1 x10" 9xKio 1x10" 5 K108 
0.01 3xio 2108 6x10" 1x10 5x10 
10 3x10" 1 x108 5 K108 0 0 
10 3x10 6x10" 0 0 0 
Rat 10 3Kie 0 0 0 
i 3x10" 2x10 2106 1x10 
0.1 3x10" 1x10 1x10" 3xK106 


* The pH of all fractions in suspension had a range of 7.1 to 7.3. 


+t These figures represent colonies per mi after incubation of fractions with the inoculum for 6 hours at 37 C. 


dried guinea pig and rat liver extracts. 
These fractions, with the original 50% 
ethanol-soluble extract, were tested 
simultaneously for pneumococcidal ac- 
tivity. Three experiments were carried 
out for each species on three different 
lots of extract. Representative data are 
recorded in table 4. 

These experiments revealed an in- 
teresting difference in the fractions 
obtained from the two species. Whereas 
the same degree of activity was evident 
in all the guinea pig fractions, purifica- 
tion of the 50% ethanol-soluble extract 
of rat liver markedly enhanced its pneu- 
mococcidal effect. There had been some 
indication of this in earlier tests and it 
was again shown consistently in these 
three experiments. It should be pointed 
out, however, that in all three experi- 
ments there was still a quantitative dif- 
ference between the pneumococcidal 
activity of the final fraction (ethanol- 
ether-acetone extracted) of the guinea 
pig and rat livers. In all three instances 
there was a tenfold difference in favor 
of the guinea pig liver fraction. 


DISCUSSION 
The primary goal of the present in- 
vestigation was to search for pneumo- 
coccidal substances in the tissues of a 
resistant and susceptible host. The data 
which have been presented in this study 
definitely point to the presence of a 


pneumococcidal factor in certain tissues 
of the resistant species. In the suscepti- 
ble species the factor is either present 
in low concentration, is present but in- 
hibited or is a different entity of inferior 
pneumococcidal power. As to which 
of these situations is the most likely will 
be discussed. 

All of the evidence, to date, has been 
obtained from in vitro studies and 
hence no evidence can be presented to 
indicate a possible in vivo function of 
this material. However, it seems reason- 
able to believe that this pneumococcidal 
factor does function in vivo as a factor 
in host resistance. 

The fact that this active agent can be 
readily extracted with water or with 
50% ethanol without previous incuba- 
tion of the tissues and that it is not de- 
pendent on blood or bile for its activity 
is suggestive that this material exists as 
such in the tissues of the host. This is 
the logic followed by Ponder," who 
states that certain lytic substances, 
which have been extracted from blood 
and tissues not previously incubated, 
are present and function as such in nor- 
mal blood and plasma and “‘by inference 
in normal tissue.’’ If this does follow 
then it can be postulated that this agent 


11. Ponder, E. 1952, Separation and assay of 
lysins and lysin-inhibitor complexes in blood 
and tissues, J. Gen. Physiol. 35: 361-374. 
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may be present in the phagocytic cells 
of the liver of the guinea pig and is able 
to destroy the phagocytized pneumo- 
cocci which have escaped the other de- 
fenses of the body. Whereas in the cells 
of the rat this agent is either present in 
very low concentration, or is present 
with an inhibitor. Thus the rat liver 
would be less able to dispose of pneu- 
mococci which had evaded the other 
defenses. 

A comparison of the pneumococcidal 
strength of the fractions obtained by the 
stepwise breakdown of the 50% ethanol- 
soluble extract seems to give some in- 
sight into the basis for the difference in 
the activity of extracts prepared from 
the tissues of the two species. The ethan- 
ol-ether-acetone extracted fraction ob- 
tained from the rat liver in equivalent 
concentration, was far more active than 
the original dried material. This was 
not found to be true in the case of the 
guinea pig as all fractions, in equivalent 
concentration, were equally as active 
as the original extract. Apparently then, 
in the 50% ethanol-soluble rat liver 
extract (and by inference in the liver 
itself) there exists an inhibitor complex 
which interferes with the pneumococ- 
cidal activity of the active agent. The 
over-all activity of the extract which 
has been shown to vary to some extent 
among individuals of the species, would 
then depend upon the ratio of the active 
agent to the inhibitor or inhibitor com- 
plex. 

An analogy for such a hypothesis may 
be found in the work of Tyler’? and 
Ponder." In connection with hemolytic 


12. Tyler, D. Bb. 1949, An autohemolytic agent 
in fetal liver extracts, Proc. Soc. Exper. Biol. 
& Med. 72: 491-495, 

13. Tyler, D. B. 1950, The hemolytic and anti- 
hemolytic activities of various centrifugally 
separated fractions of adult and fetal liver 
cells. Science, 112: 456-459. 

14. Tyler, D. B. 1951, Naturally occurring in- 


systems they both postulate the in vivo 
existence of an easily dissociable lysin- 
inhibitor complex and further that the 
hemolytic activity is dependent on the 
concentration of the free lysin together 
with the “buffering” effect of the in- 
hibitor. 

Although there is no evidence thus 
far that such an inhibitory mechanism 
operates in the guinea pig liver, fraction- 
ation of guinea pig extracts of relatively 
low pneumococcidal strength might re- 
veal the existence of a similar mecha- 
nism. 

The pneumococcidal agent has not 
been sufficiently purified to permit more 
than a presumptive chemical charac- 
terization. basis of 
solubilities 


the 
50% ethanol 
purified organic solvents, and also on 
the basis of coctostability, and certain 
apparent physical characteristics, such 
as inactivation by serum, adsorption 
onto protein, and the oily consistency 
of the acetone soluble fraction, the ac- 


However, on 


on and in 


tive factor appears to be most closely 
related to the lipids. 


SUMMARY 


A tissue extract, bactericidal for the 
type I pneumococcus, was prepared 
from the liver and the spleen of the 
guinea pig and rat. 

The pneumococcidal agent was shown 
to be weakly soluble in water, consider- 
ably more soluble in 50% ethanol, re- 
sistant to boiling, non-Seitz filterable, 
and inactivated by serum. 

The activity of this material was 
found to be independent of any pneu- 


hibitors and lysins in various centrifugally 
prepared extracts of adult and fetal guinea 
pig tissue extracts. Am. J. Physiol. 164: 467 
475. 

15. Ponder, E. 1951, Tissue hemolysins as lysin- 
inhibitor complexes, J. Gen. Physiol. 34: 551 
565. 
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mococcidal activity of the blood or bile. 
Also, it was shown that the active agent 
is not a product derived from the tissues 
by enzymatic action. 

Fifty percent ethanol soluble extracts 
prepared from the pooled livers of guin- 
ea pigs were found to be significantly 
more pneumococcidal than similar ex- 
tracts prepared from pooled rat livers. 

Extracts prepared from the tissues of 
individuals within each species were 
variable in pneumococcidal activity. 

Spleenic extracts from guinea pigs 


have greater pneumococcidal activity 
than those of rats. 

The 50% ethanol-soluble liver ex- 
tract was partially purified by stepwise 
fractionation with organic solvents. The 
active agent was found in the ethanol- 
ether-acetone extracted fraction. 

Indirect evidence was presented for 
the existence of an inhibitor complex in 
the 50% ethanol-soluble extract of rat 
liver. No such inhibitory mechanism 
was demonstrated in similar extracts of 
guinea pig liver. 
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Shortly after the inception of studies 
on Plasmodium berghei in this labora- 
tory, it became apparent that suscepti- 
bility of rats to infection was dependent 
on age, both parasitemia and mortality 
decreasing strikingly as the age of the 
host increased. This phenomenon had 
been noted earlier in rats by Galliard 
and Lapierre,’ by Hsu and Geiman,? 
and more recently by Zuckerman and 
Yoeli.? A similar age-susceptibility re- 
lationship had also been observed in in- 
bred mice by Greenberg et al,‘ and in 
mice and hamsters by Hsu and Geiman.? 
Since the data presented in these works 
were somewhat incomplete and not 
wholly applicable to either the strain 
of parasite or rat in use in this labora- 
tory, it seemed desirable to explore age- 
susceptibility relationships under the 
conditions prevailing locally. At the 
completion of this investigation, atten- 
tion was directed toward an explanation 
for the differences in susceptibility of 
rats of various ages. Earlier work by one 
of us,’ demonstrating that the inten- 
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sity of parasitemia in mice was directly 
related to the functional state of the 
erythropoietic tissue and in particular 
to the availability of reticulocytes, 
focused attention on the possibility that 
the age-susceptibility relationships as 
observed in the rat had a similar basis. 
A study was designed to test this possi- 
bility. The present report deals with 
the results of this study and the earlier 
investigation of the general age-suscep- 
tibility phenomenon, 


GENERAL METHODS 


The Kasapa strain of P. berghei was used in 
this study. This parasite was obtained on No- 
vember 11, 1953, from Dr. G. Robert Coatney, 
National Institutes of Health, who had in turn 
obtained it from Dr. I. H. Vincke in February of 
1952 and carried it thereafter by blood-passage in 
white mice, Since acquisition by our laboratory, 
the parasite has been passed biweekly in 60 to 
80 g rats by the intraperitoneal inoculation of 
whole blood. For both passage and experimental 
purposes, only Bartonella-free Sprague-Dawley 
female rats have been used, These animals have 
been maintained in individual cages in air-con- 
ditioned quarters at 78 to 80 F and have been fed 
a diet of finely ground Purina Dog Checkers and 
water ad libitum. 

For experimental purposes animals were in- 
fected intravenously with about 500,000 para- 
Blood was drawn by 
cardiac puncture early in the infection (not past 
the 6th day), properly diluted with saline, and 
injected into a tail vein of the recipient. Prepara- 
tions for red cell counts, reticulocyte counts, and 
parasite counts were made daily from tail blood, 
starting one day after inoculation and continuing 
until parasites could no longer be found on thick 
films. Parasites, parasitized erythrocytes, para- 
sitized reticulocytes, and reticulocytes were de- 
termined as either the number per cmm of blood 
or the number per 10,000 rbe. 


sites from donor rats 


5. Singer, I. 1953, J. Infect. Dis. 92: 97-104. 
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7. Singer, I. 1954, J. Infect. Dis. 94: 164-172. 
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In estimating reticulocytes a drop of blood was 
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t Parasitological data represent 10 animals. 


+ Parasitological data represent 11 animals. 
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Age. 


- er 
days ber died 
wO 10 9 
5 
41 6 6 
4 
5 
$1 9 0 
5 
81 10 0 
5 











in weight which were considerably less 
than those seen in control animals dur- 
ing the first 8 days. At this time in- 
fected animals started to lose weight. 
This trend persisted to death among the 
fatal cases, while in survivors growth 
was resumed on the 15th day of infec- 
tion. This resumption corresponded to 
the immediate pre-crisis period (fig. 3). 
Infection did not affect growth in the 
51- and 81-day age groups. 

The courses of infection in rats be- 
longing to the four age are 
shown in figures 1 to 5. Parasitemia, 
parasitized red blood cells, parasitized 
reticulocytes, reticulocytes, and total 
red blood cells are described in terms of 
number per cmm of blood, while pluri- 
parasitism is shown as the percentage of 
parasitized erythrocytes containing 
more than one parasite. Comparison of 


groups 


the data on these four groups of rats 
shows that for the first 5 days of infec- 
tion parasite numbers increased accord- 
ing to a geometric progression, i.e. in 
linear progression on a logarithmic scale. 
In older animals the rate of this increase 
was lower than that in younger rats. 








Age group 
3 4 5 6 7 
3O days 0.86 2.54 43.31 21.82 7.54 
(fatalities) 
41 days 2.22 2.65 23.76 31.53 10.27 
(survivors 
51 days 3.03 14.03 22.26 8.01 
25 4.00 17.08 6.15 


81 days i 
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TABLE 2.—Disposition and mean weights of experimental animals. 
Average weight — grams 
Category ~~} Days after inoculation wa 
0 4 7 9 i eo 6 Bot 8 2 
Fatalities 61 74 86 91 8&5 72 71 
Controls o 74 0 99% 180 122 130 138 #145 149 152 
Fatalities 101 «115 125 131 131 110 99 
Survivors 104 118 «6124 «134 «138 «136 «130 «136 «150 «161 «168 
Controls 97 115 130 138 149 155 159 166 170 178 180 
Survivors 139 147 154 162 165 173 175 18f 185 196 193 
Controls 135 145 185 171 173 179 {82 186 189 197 197 
Survivors 206 211 210 210 213 220 224 226 227 235 233 
Controls 197 203 201 202 207 210 211 217 217 224 225 
In each group of infected animals, 


the numbers of parasites, parasitized 
erythrocytes, and parasitized reticulo- 
cytes were the same during the first 4 
days of infection, but it should be noted 
that the heights of the values represent- 
ing these categories were lower in older 
animals. In each case, the curves di- 
verged after the 4th day, when the num- 
bers of parasites in the blood exceeded 
the numbers of reticulocytes. Coinci- 
dentally, appreciable numbers of parasi- 
tized mature cells were found in the 
peripheral blood (table 3) and plura- 
parasitism increased. When the reticulo- 
cyte response to anemia became marked 
(8th to 10th day), the total number and 
percentage of parasitized mature red 
blood cells declined (fig. 1 to § and table 
3), as did the percentage of erythrocytes 
containing more than one parasite. It is 
noteworthy that pluriparasitism of ma- 
ture red blood cells almost never oc- 
curred, while in some cases a single 
reticulocyte contained in excess of 12 
parasites. 

Anemia varied directly with the 
severity of infection. In the 30- and 41- 


TABLE 3.—Percent parasitized red cells which are mature. 


Day of infection 

« 9 10 il 12 13 14 i5 
5.01 4.65 2.58 1.66 0.95 0.47 0.23 0.22 
4.86 2.61 1.64 0.41 0.09 0.02 0.02 0.0 
$4.27 1.95 0.97 0.95 0.02 0.01 0.82 
4.94 1.09 


0.76 
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day-old groups, where parasitemia rose 81-day-old groups erythrocyte counts 
most rapidly, anemia started earlier did not begin to drop until the 6th to 
(4th to 6th day), while in the 51- and 8th days. Reticulocyte response, in 
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Fic. 4.—The course of infection in 51-day-old rate 
Fic. 5.—The course of infection in 81-day-old rats. 


turn, directly reflected anemia. In ani- until the 12th day when a recrudescence 
mals which recovered (fig. 3 to 5), the occurred. Between the 15th and 18th 
infection came under control on the 8th days, parasites were removed from the 
or 9th days. Parasite numbers declined blood stream in logarithmic fashion and 
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infection proceeded with less than one 
parasite per 10,000 red blood cells ap- 
parent in the peripheral blood. Reticulo- 
cytes accumulated after the 8th day, 
and the numbers of reticulocytes far 
exceeded the numbers of parasites. As 
reticulocytes became more readily avail- 
able the numbers of pluriparasitized 
cells decreased until the 11th day, when 
almost all of the cells parasitized con- 
tained only one parasite. Fabiani et al® 
also noted that pluriparasitism of red 
blood cells decreased as the infection 
was controlled. However, pluriparasit- 
ism appears to be related chiefly to the 
number of parasites seeking cells suita- 
ble for penetration. This, in turn, is re- 
lated to the immune state of the host 
and the proportion of new parasites 
produced to available reticulocytes. 

The parasitic course in the two young- 
est groups, animals which succumbed 
to the infection (fig. 1 and 2), was simi- 
lar to that seen in the mouse*® and to 
that previously described for the rat.’ 
After the 8th day of infection, a plateau 
occurred in parasite numbers, para- 
sitized red blood cells, parasitized reticu- 
locytes, and reticulocytes, while the 
total erythrocyte count continued to 
decline. The immune mechanisms of 
these animals were apparently inade- 
quate to control the infection. Therefore 
parasites continued to multiply, limited 
chiefly by the availability of reticulo- 
cytes, while reticulocytes did not ac- 
cumulate as in recovering animals be- 
cause of their invasion by parasites and 
subsequent destruction. The course in 
these animals was steadily downhill, 
due to progressive anemia and inability 
to replace erythrocytes as fast as they 
were parasitized and destroyed. 





8. Fabiani, G., Grellet, P., Vargues, R., Ful- 
chiron, G. and Verain, A. 1952, Ann. Inst. 
Pasteur, 82; 721-738. 

9, Singer, I, 1954, J. Infect. Dis. 94; 237-240. 

10. Mercado, T. I. and Coatney, G. R. 1951, J. 
Nat. Malar. Soc. 10: 359-365. 


DISCUSSION 


As has been pointed out many times 
before, any infection calls forth cer- 
tain forces of innate and acquired im- 
munity, the effectiveness of which de- 
termines the course of the disease, death 
or survival. In the comments to follow, 
an attempt will be made to define those 
factors which appeared to be operative 
against P. berghei infections in rats and 
to determine how these forces were 
balanced in animals of various ages. 
Among the forces of innate immunity, 
availability of reticulocytes as wel! as 
the effectiveness of certain nonspecific 
factors appeared to be of paramount 
importance during the early ascending 
phase of infection. As seen in figures 
1 to 5, the rate of parasite increase was 
greater in young than in old animals. 
This is shown by the slopes of the lines 
representing parasitemia and probably 
indicates that the nonspecific mecha- 
nisms of innate immunity were more ef- 
fective in old animals. Further, the im- 
portance of the reticulocyte in support- 
ing infection with P. berghei is illus- 
strated and confirms earlier observa- 
tions**-7-"—-% on the marked tropism of 
this parasite for immature red blood 
cells. Comparison of figures 1 to 5 shows 
that the intensity of infection was great- 
est in young animals. Partial explana- 
tion for this may lie with the initially 
higher level of reticulocytes in these ani- 
mals. However, the possibility that the 
reticulocyte of the old animal! presents 
a somewhat less favorable physiological 
environment than that of a young rat 
should not be discarded without some 
investigation. The importance of the 
reticulocyte in limiting the infection be- 
comes apparent after the 5th day. Until 
the 4th day of infection, almost all 


11. Galliard, H. 1949, Bull. Soc. path. exot. 42: 
431-433. 

12. Baldi, A. 1950, Riv. di malariol. 29: 349-356. 

13. Corradetti, A. and Verloni, F. 1951, Riv. 
Parassit. 12: 69-84. 
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parasitized cells were reticulocytes con- 
taining qnly one parasite. By the 5th 
day the number of parasites present in 
the circulating blood exceeded the num- 
ber of reticulocytes. This was reflected 
by the presence of appreciable numbers 
of parasitized mature cells and by an 
increase in the percentage of pluripara- 
sitized cells (fig. 1 to 5). Previous stu- 
dies on the mouse“ have shown that 
clumping or agglutination of para- 
sitized cells occurs in the sinuses of the 
spleen, liver, and bone marrow at ap- 
proximately this time, indicating that 
some forces of acquired immunity have 
been brought into play. These forces 
are not yet wholly effective in control- 
ling the infection, and because the sup- 
ply of new parasites exceeds the number 
of available reticulocytes, parasites must 
find new means for survival. In most 
cases, newly formed parasites pene- 
trated reticulocytes which were already 
occupied, while some infected mature 
red cells. Although more than 12 para- 
sites were often found in a single reticu- 
locyte, there was usually only one per 
mature cell. This suggests that the para- 
site can penetrate the mature cell only 
with great difficulty. 

Hsu and Geiman* have suggested 
that the basis for the development of 
high parasitemia and greater patho- 
genicity of this organism in young ani- 
mals lies with the polychromatophilic 
response of these animals. The present 
work indicates that the reticulocyte 
was an important factor in determining 
the course of the early primary attack 
and in perpetuating the high level of 
parasitemia in young animals. However, 
it was not the most important factor in 
determining death or survival. Recovery 
from infection appeared to be based 
more on the effectiveness of other mech- 


14. Singer, I. 1954, J. Infect. Dis. 94: 241-261. 


anisms of innate immunity, and on the 
ability of the host to overcome the para- 
site through acquired immune proper- 
ties. In terms of percent reticulocytes, 
the values in old animals after parasite 
control approached those seen in young 
animals about to die. Nonetheless, par- 
asitemia decreased below visible levels. 
It seemed, therefore, that reticulocyte 
availability limited the intensity of in- 
fection only until such a time as the host 
was able to produce an immune response 
sufficient to control parasitemia. The 
ability to produce such a response ap- 
peared to vary directly with the age of 
the rat. 


SUMMARY 


This study has shown that suscepti- 
bility of rats to infection with Plas- 
modium berghei depended clearly on age. 
With increasing age there was a de- 
crease in both mortality rate and in- 
tensity of infection. Survival apparently 
depended on parasitemia, Age did not 
seem to affect either the time of peak 
parasitemia or the length of the primary 
attack. Fatalities, however, showed a 
delayed peak parasitemia followed by 
a plateau in numbers of parasites. The 
parasite showed a marked tropism for 
reticulocytes, and it was only when par- 
asite numbers exceeded reticulocyte 
numbers that pluriparasitism and para- 
sitized mature erythrocytes were found. 

These results have been discussed in 
relation to the parasite’s known pref- 
erence for reticulocytes. It is suggested 
that the availability of reticulocytes 
was responsible for limiting parasitemia 
only before effective immune mecha- 
nisms became operative and controlled 
the infection. However, in young ani- 
mals where immunity was ineffective 
reticulocytes continued to limit para- 
sitemia until death of the host occurred. 











ON THE MECHANISM OF THE GRAM STAIN 
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A great deal of interest has been 
aroused in the mechanism of the Gram 
reaction particularly since it was found 
that some antibiotics exert a selective 
bacteriostatic the Gram- 
positive and are inactive against most 
of the Gram-negative organisms. Our 
interest in this matter resulted from a 
study on the antibacterial effect of 
highly dispersed sulfur in which a simi- 
lar difference in susceptibility was found 


action on 


between Gram-positive and Gram-nega- 
tive bacteria (Libenson et al, 1953). 
During the last decade, the trend 
among investigators has been to dismiss 
the permeability theory proposed by 
Benians (1919) and by Burke and 
Barnes (1929), and to regard the posi- 
tive Gram reaction as a result of a com- 
bination between the protein compo- 
nents of the cell wall and the crystal 
violet-iodine complex. Bartholomew and 
Umbreit (1944), Stacey (1949) and 
Fischer and Larose (1952) postulated 
that the sulfhydryl groups of the cell 
wall proteins play an important role in 
this reaction. This assumption is based 
mostly on the fact that iodine reacts 
with SH groups transforming them into 
-S-S- derivatives and that mercuric 
chloride, which according to Bartholo- 
mew and Umbreit can partially replace 
iodine in the Gram procedure, also re- 
acts with SH groups. No direct experi- 
mental proof was given however for 
this interpretation. If this assumption 
is correct and the presence of free SH 
groups in the cell wall is necessary for a 
Gram-positive reaction, it should be 
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expected that the destruction of these 
groups would affect the outcome of the 
reaction. In effect, any agent, including 
iodine and mercuric chloride, capable 
of destroying free SH groups, when ap- 
plied before the actual staining process, 
should render the Gram-positive or- 
ganisms Gram-negative. We have tested 
a number of SH reagents to determine 
their effect on the Gram reaction. 

In a symposium on the surface of the 
Gram-positive bacteria, Stacey (1949) 
postulated: “I regard the cell wall as 
built in layers, the layer nearest to the 
cytoplasmic membrane being composed 
of basic amino acids and sulfhydryl 
groups, and containing the protein com- 
ponent of the Gram-dye retaining ma- 
terial.’’ To investigate further whether 
the presence of protein in the cell wall 
is essential for the positive Gram reac- 
tion, we have studied the effect of the 
Gram stain on cellulose diffusion cells, 
used asa model, entirely free of pro- 
teins. 

The solubilities of crystal violet and 
crystal violet-iodine complex compound 
in water, ethyl alcohol and acetone were 
determined. 


EXPERIMENTAL RESULTS 


Treatment with SH reagents.—Smears 
of 18-hour cultures of Micrococcus pyo- 
genes var. aureus FDA#$209, Escherichia 
coli and Saccharomyces cerevisiae were 
treated with the following solutions of 
SH reagents: iodine (Lugol), 0.1% mer- 
curic chloride, 5.0% sodium iodacetate, 
0.1% sodium chloromercuribenzoate, 
0.1% silver nitrate and 0.1% cadmium 
acetate. The treatments were applied 
for 1 minute and for 10 minutes before 
using the Gram stain (Hucker's modifi- 
cation; dilution 1:4). lodine was ap- 
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plied also for 24 hours. To ‘est the possi- 
bility that during the actual staining 
crystal violet might denature further 
the proteins of the cell wall and thereby 
set free additional SH groups which are 
not destroyed by the previous treat- 
ment with SH reagents, smears were 
also treated with a 50% solution of urea 
for 1 minute and 10 minutes at room 
temperature and at 60 C to make certain 
that the proteins had been completely 
denatured. Then the organisms were 
treated with the SH reagents and finally 
with the Gram stain. In all the experi- 
ments, control tests were performed 
simultaneously. The results have shown 
that the treatment with SH reagents 
did not change the 
properties of the organisms, which 
would that if the so called 
Gram-complex consists of a combination 


Gram-staining 
indicate 


between cellular proteins, crystal violet 
and iodine, as it is claimed, the SH 
groups play no role in its formation. 

Effect of the Gram stain on protein-free 
diffusion cells.—Two cellulose diffusion 
cells about 5 cm long, 1.8 cm diameter 
and wall thickness of 0.18 mm, adapted 
and tied on a glass tube, were filled 
with saline and immersed in crystal 
violet solution (Gram). After approxi- 
mately 5 minutes, when the saline 
inside the cells became slightly colored, 
both cells were washed with water. One 
of them was introduced in iodine solu- 
tion (Gram) for 30 seconds. Then both 
cells were rinsed with water and im- 
mersed at the same time in 95% al- 
cohol. The one treated with iodine re- 
mained colored deep blue and the other 
was rapidly decolorized. This experi- 
ment shows the essential role played by 
iodine in precipitating the crystal violet 
and preventing the stain from being re- 
moved rapidly from inside the cell wall 
by the solvent. It also shows that a 
Gram-positive reaction may be obtained 
with a protein-free cell wall. 


Another experiment consisted of in- 
troducing iodine solution into a cellu- 
lose diffusion cell and immersing it in 
crystal violet solution, whereby a coat- 
ing of crystal violet-iodine precipitate 
was obtained on the outside surface of 
the cell. No precipitate could be de- 
tected on the inner surface. This would 
be equivalent to a precipitate formed on 
a cell wall not permeable to crystal vio- 
let. Reversing the procedure, the dye 
solution was placed inside and the iodine 
solution outside the cell, a coating of 
precipitate was obtained on the inner 
surface. After discarding the liquids 
and rinsing thoroughly with water, both 
cells were filled with saline and im- 
mersed in 95% alcohol. The cell with 
outside coating decolorized while the 
other was still colored deep blue. After 
immersing them in safranine solution, 
the cells appear Gram negative-like and 
gram positive-like, respectively. These 
results would indicate that the forma- 
tion of a specific protein-dye complex is 
not an essential factor in the mechanism 
of the Gram stain. 

A third experiment was performed 
with two cellulose diffusion cells, one 
of them filled with saline and the other 
empty and with a longitudinal slit in 
the wall as a counterpart of a broken 
bacterial cell. Both were immersed in 
crystal violet solution (Gram) for 5 
minutes. The cells were washed with 
water and immersed in iodine solution 
(Gram) for 30 seconds. After this treat- 
ment the open cell appeared consider- 
ably darker due to the adsorption of 
dye on both surfaces of the wall. How- 
ever, after being washed with water and 
immersed simultaneously in alcohol or 
in a mixture of aleohol-acetone, the 
open cell decolorized while the other 


remained colored blue. When treated 


with safranine solution, the open cell 
appeared Gram-negative and the whole 
cell Gram-positive. 
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TABLE 1.—Solubility in grams per 100 ml 
of solvent at 20 C. 





Crystal 


. Crystal pas 
Solvent , violet -iodine 
violet complex 
Distilled water 1.64 Insoluble 
Ethyl alcohol, 95% 92.0 0.27 
Acetone 1.45 1.56 


Alcohol-acetone, 1:1 





Solubility of crystal violet and crystal 
violet-iodine complex.—The crystal vio- 
let used was obtained from the National 
Aniline and Chemical Company, Inc., 
New York, New York, labeled certifi- 
cation no. NC33, with a total dye con- 
tent of 93%. The crystal violet-iodine 
complex compound was prepared by 
precipitating an aqueous 1% solution of 
crystal violet with a slight excess of 
iodine 0.1 N solution. The precipitate 
was filtered, washed thoroughly with 
distilled water and dried in a desiccator 
under vacuum. 

Table 1 shows the solubilities of both 
crystal violet and crystal violet-iodine 
complex compound in water, ethyl al- 
cohol, acetone and in a mixture of al- 
cohol and acetone. 

The solubility of crystal violet in 
ethyl alcohol is considerably at vari- 
ance with the data found in literature. 
Our procedure to determine the solu- 
bility consisted of weighing 10 ¢ of 
crystal violet in a dry Erlenmeyer 
flask of 50 ml capacity and adding to it 
10 ml of alcohol 95%. Stoppered with a 
rubber stopper, it was left for 2 days at 
room temperature, with occasional stir- 
ring. The solution was filtered through 
Whatman no. 1 filter paper into a small 
test tube and part of the filtrate weighed 
rapidly to avoid evaporation of the 
solvent. The alcohol was evaporated on 
a boiling water bath and the residue 
dried in the oven at 105 to 110 C. The 
same proportions of solvent and crystal 
violet were used in the solubility deter- 
minations of the dye in the alcohol- 
acetone mixture. 


DISCUSSION 


In their experiments on the removal 
of ribonucleic acid from the surface of 
the Gram-positive organisms, Henry 
and Stacey (1946) and Bartholomew 
and Umbreit (1944) found that the 
Gram-negative ‘‘cytoskeletons’’ remain- 
ing after treatment with bile salts could 
be replated with magnesium ribonu- 
cleate back to Gram-positive. This re- 
versal of the Gram reaction could be ac- 
complished only when the ‘‘cytoskele- 
tons” were maintained in a solution of 
formaldehyde. This was interpreted as 
further evidence that the presence of 
SH groups is necessary for the Gram- 
positive reaction to take place, and that 
formaldehyde acted in protecting these 
groups against oxidation. Actually the 
effect of formaldehyde is to destroy the 
SH groups instead of protecting them, 
as can be seen by the fact that SH com- 
pounds treated with formaldehyde will 
no longer give a positive reaction with 
sodium nitroprusside. Wald and asso- 
ciates (1953) have shown that formal- 
dehyde is a strong SH reagent. More- 
over, formaldehyde not only will de- 
stroy the SH groups but will also react 
with the amino groups of the basic pro- 
teins, which, according to Stacey, play 
also an important role in the Gram re- 
action. The last author reported that 
only traces of protein are removed from 
the Gram positive organisms with the 
bile salts, most of the basic proteins re- 
maining attached to the cell ‘“‘skeketon.”’ 
The effect of formaldehyde in blockad- 
ing the amino groups will therefore 
create by artefact a ‘‘cytoskeleton”’ en- 
tirely different from the original one. 

Burke and Barnes (1929) rejected 
Stearns and Stearns’ (1924) original 
theory of a chemical combination and 
supported Benians’ (1919-20) views 


that the permeability of the cell wall 
constitutes the main factor in the Gram 
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reaction. Contrary to the recent Stacey's 
views, Burke and Barnes have con- 
cluded from their extensive investiga- 
tions that if any combination is formed 
between crystal violet and the cellular 
proteins, this combination is destroyed 
upon the addition of iodine in the Gram- 
staining procedure. 

In considering these two entirely 
opposite views, it should be pointed out 
that (1) since the presence of proteins 
and SH groups in the cell wall does not 
appear to be essential for the positive 
Gram reaction, (2) since the free amino 
groups of the basic proteins of the ‘‘cy- 
toskeleton’’ and the SH groups are 
both destroyed by formaldehyde and 
(3) since the destruction of the amino 
groups by formaldehyde does not pre- 
vent the “cytoskeleton” from being re- 
plated and thereby becoming again 
Gram-positive, considerable doubt 
arises as to whether a specific combina- 
tion takes place in the Gram-staining 
process between the cellular proteins 
and the dye complex, as formulated by 
Stacey and by Bartholomew and Um- 
breit. The experimental results with 
the Gram stain applied on broken cells 
give more evidence against the validity 
of the theory of a chemical combina- 
tion. If the Gram-positive reaction de- 
pends upon the formation of a complex 
combination between the components 
of the Gram stain and the cell wall pro- 
teins, it should be expected that when 
disintegrated by physical means such 
as gentle grinding, the open cell of the 
Gram-positive organisms should still 
retain its Gram-positiveness, since gen- 
tle grinding could not change the chem- 
ical nature of the cell wall constituents. 
We have repeated the experiments and 
confirmed Burke and Barnes’ results 
with yeast, which show that disinte- 
gration will transform the Gram-posi- 
tive cell wall into Gram-negative de- 
bris. The results with closed and open 


cellulose diffusion cells and the inside 
and outside coating experiments show 
that the free access of the solvent to the 
dye-iodine complex is an essential factor 
in the outcome of the Gram reaction. 
Benians, and Burke and Barnes 
postulated that the cell wall of both 
Gram-positive and Gram-negative or- 
ganisms is permeable to crystal violet 
and that the cell wall of the former is 
not permeable to the dye-iodine com- 
plex formed within the cell. The ex- 
perimental results with a protein-free 
diffusion cell and the low solubility of 
the crystal violet-iodine complex in 
alcohol and acetone would support the 
view that the positive Gram reaction 
consists essentially in the formation of a 
substantial amount of dye-iodine com- 
plex within the cell not readily removed 
by the solvent. On the other hand, the 
cell wall of the Gram-negative organ- 
isms, unlike that of the Gram-positive, 
would be practically impermeable to 
crystal violet. The organisms will ap- 
pear colored after treatment with crys- 
tal violet due to the adsorption of the 
dye on the outer surface of the cell wall 
and the complex formed after treat- 
ment with iodine will be easily removed 
by the solvent. In this connection, it 
should be noted that the higher solubil- 
ity of the dye-iodine complex in acetone 
explains Kopeloff and Beerman's (1922) 
findings that acetone is a more rapid 
decolorizer than alcohol. The differ- 
ence in the uptake of crystal violet by 
the Gram-positive, Gram-variable and 
Gram-negative organisms reported by 
Kennedy and Barbaro (1953) and by 
Barbaro and Kennedy (1954) are in 
agreement with our findings. 


SUMMARY AND CONCLUSIONS 


Gram-positive and Gram-negative or- 
ganisms were treated with SH reagents 
prior to applying the Gram stain. Pro- 
tein-free cellulose diffusion cells, used 
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as a model, were submitted to the action 
of the Gram stain. 

that neither SH 
groups nor basic proteins play any 
specific role in the mechanism of the 
Gram reaction, 


Results indicate 


The results give support to the view 
that the permeability of the cell wall to 
crystal violet, the low solubility of the 
dye-iodine complex in alcohol and ace- 
tone, and the free access of the solvent 
to the complex constitute the main 
factors involved in 
the Gram stain. 


the mechanism of 
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To study the pathogenesis of experi- 
mental histoplasmosis in laboratory 
animals, methods were developed for 
accurately measuring infecting dosages 
of the yeast phase of Histoplasma cap- 
sulatum.' In the present report the in- 
travenous and intraperitoneal routes of 
infection and the pathogenicity of four 
strains of histoplasma are compared. 
For both comparisofis, two measure- 
ments are used: the death producing 
effects of large dosages of yeast cells, 
and the infectivity of small numbers of 
yeast cells. 


MATERIALS AND METHODS 


Since the materials and methods used have 
been presented in detail,' they are summarized 
only briefly. Four strains of histoplasma were 
selected because of their varied histories and 
cultural characteristics. Strains 6617 and 6627 
produce granular colonies and yeast phase sus- 
pensions contain many large aggregates of cells; 
strains 6622 and 6624 produce mucoid colonies 
and suspensions contain mostly single cells and 
small aggregates of cells. Yeast phase cultures 
were grown on slants of glucose cystine blood 
agar; slants were inoculated with standardized 
inoculums and incubated for 48 hours at 37 C. 

Yeast cells were washed and diluted in saline at 
room temperature. Washed cells were differenti 
ally centrifuged to remove large aggregates of 
cells. Dosages were estimated from haemocytom- 
eter counts; the number of cells and the number 
of aggregates in the supernatant suspension were 
determined. For the cell count attached buds 
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were counted as cells and for the aggregate count 
single cells as well as aggregates were counted as 
aggregates. The average number of cells per ag- 
gregate was determined by dividing the total cell 
count by the total aggregate count. Appropriate 
dilutions of the supernatant suspension were 
made for injecting mice and for inoculating flasks 
for colony counts; the volume of suspension for all 
inoculums was 0.5 ml. 

The dosages for comparing the death-produc- 
ing effects of strains were an estimated 2, 4 and 
8X 10° yeast cells per mouse. Groups of mice were 
injected in the order the dosages are given; intra- 
peritoneal injections were done before intra- 
venous injections. The dosages for comparing the 
infectivity of strains were an estimated 10 and 
100 aggregates per mouse 

The number of viable aggregates for a given 
dosage was estimated from the average colony 
count of 10 or more flasks, each inoculated before 
mouse injections with an estimated 100 aggre- 
gates. In each experiment, flasks inoculated after 
a 2-hour interval with the same suspension 
showed 10 to 20% fewer colonies. For colony 
counts the inoculum was spread over the surface 
of 20 ml of medium solidified on the bottom of 
250 ml Erlenmeyer flasks.t The flasks were incu- 
bated at 30 C and the mycelial colonies were 
counted. 

General purpose Swiss white male mice, 5 to 6 
weeks old, and weighing 18 to 20 g, were used. 
All cultures of mouse tissues were made on slants 
of modified Sabouraud’s glucose agar. 


EXPERIMENTS 


1. Comparison of intravenous and 
intraperitoneal routes of infection 


The death-producing effects of intra- 
venously and intraperitoneally injected 
yeast cells of two strains of histoplasma 


t The medium contains per liter: 10 g Cas- 
amino Acids (Difco), 20 g glucose, 15 g agar, 
1 mg Ca-pantothenate, and 0.5 mg biotin. The 
pH of the Casamino Acids solution was adjusted 
to 6.5 with 2N KOH. 
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TABLE 1.—Death-producing effects of intravenously and intraperitoneally injected yeast 


cells of 2 strains of H. capsulatum. 





Fetimated dosage of yeast 
cells per mouse 


Route of infection 


Strain of + - - Intravenous Intraperitoneal 
H — Number Number —- ae 
capsulatum of cells of aggre- of viable Time 50% Number of Number of Number of Number of 
x1 gates aggregates of mice mice dead mice dead mice dead mice dead 
x10 x10 were dead at 30 days at 60 days at 30 days at 60 days 
3.64 2.90 8 days 20/20 2/18 3/18 
617 4 1.82 1.45 12 days 19/19 ND ND 
2 0.91 0.72 19 days 17/19 19/19 ND ND 
6624 2 1.25 0.91 14 days 14/18 14/18 0/20 0/20 





ND not done. 


are compared in table 1. For strain 
6617, the average number of yeast cells 
per aggregate was 2.2 cells and the num- 
ber of viable aggregates per estimated 
100 was 80. Twenty of 20 mice injected 
intravenously with 8X10* yeast cells 
per mouse were dead at 30 days and 
only 3 of 18 mice injected intraperitone- 
ally with the same dosage were dead at 
60 days. In the same experiment 17 of 
19 mice injected with 210° yeast cells 
intravenously were dead at 30 days. 
Histoplasma was isolated from all sur- 
viving mice. 

For strain 6624, the average number 
of yeast cells per aggregate was 1.6 
cells and the number of viable aggre- 
gates per estimated 100 aggregates was 
73. Fourteen of 18 mice injected intra- 
venously with 210° yeast cells per 
mouse were dead at 30 days and none 
of 20 mice injected intraperitoneally 
with the same dosage was dead at 60 
days. Histoplasma was isolated from 22 
of 24 surviving mice. All cultures of 
tissues of 2 mice were contaminated. 

In other experiments with strain 
6617, dosages of 4 to 8X10" yeast cells 
per mouse injected intraperitoneally 
produced about 50% deaths within 30 
days. It is evident that comparable dos- 
ages of yeast cells of 2 strains of histo- 
plasma have greater death-producing 
effects when injected intravenously. 

The intravenous and intraperitoneal 
routes of infection were compared by 
measuring the infectivity of small dos- 


ages of yeast cells. Each mouse was 
injected via one of the two routes with 
an estimated 100 aggregates of strain 
6617. The average number of cells per 
aggregate was 2.2 cells and the number 
of viable aggregates per estimated 100 
aggregates was 76. The mice were sacri- 
ficed 6 weeks after injection. Histo- 
plasma was isolated from 20 of 20 mice 
injected intravenously and from 19 of 
20 mice injected intraperitoneally. All 
cultures of tissues of one mouse were 
contaminated and histoplasma was not 
isolated from that mouse. 

The intravenous route of infection 
has been used for most subsequent stud- 
ies on the pathogenesis of experimental 
histoplasmosis. 


2. Comparison of the death-producing 
effects of intravenously injected 
yeast cells of four strains 

of histoplasma 


For each strain more than 10° yeast 
cells injected intravenously are neces- 
sary to produce fatal infections in mice. 
In preliminary experiments dosages of 
5 to 1010 yeast cells per mouse of 
strains 6617 and 6624 only occasionally 
killed mice in less than 30 days, while 
dosages of 10’ yeast cells killed all mice 
in less than 30 days. On the basis of 
these preliminary experiments, dosages 
of 2, 4, and 8X10* yeast cells per mouse 
were used for comparing the death pro- 
ducing effects of 4 strains of histoplasma. 
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TABLE 2.—Death-producing effects of intravenously injected yeast cells of 4 strains of H. capsulatum. 


Estimated dosage of yeast cells 


per mouse 

Strain of — 
H. capsulatum Number Number of Number of 
of cells aggregates viable aggre 
x10 x10 gates X10* 

& 3.80 3.04 

6617 4 1.90 1.52 

2 0.95 0.76 

& 5.70 3.86 

6622 4 2.85 1.93 

2 1.42 0.96 

< 5.34 4.30 

6624 4 2.67 1.65 

2 1.33 0.82 

8 4.70 3.44 

6627 4 2.35 1.72 

2 1.17 0.86 


Results with these 3 dosages are pre- 
sented in table 2. 

The average number of cells per ag- 
gregate ranged from 1.4 cells for strain 
6622 to 2.1 cells for strain 6617. The 
average number of viable aggregates 
per estimated 100 aggregates ranged 
from 62 for strain 6624 to 80 for strain 
6617. For a given dosage of yeast cells 
e.g., 810° yeast cells, the estimated 
number of viable aggregates ranged 
from 3.04X10° aggregates for strain 
6617 to 3.86X10° aggregates for strain 
6622. For each dosage there were ap- 
proximately 21% more viable aggre- 
gates for strain 6622 than for strain 
6617. 

The percentage of mice dead at 4 
to 30 days is plotted for 2 dosages in 
figure 1. Only 1 of 252 mice injected 
with the 3 dosages died before the 7th 
day. With a dosage of 8 X10* yeast cells 
per mouse the differences in the death 
producing effects of the 4 strains are 
small. For all strains 50% of the mice 
were dead between days 8 to 12 and 
100% of the mice were dead between 
days 13 to 22. There are greater differ- 
ences between strains with the lower 
dosage of 210* yeast cells per mouse. 
For strain 6624, 100% of the mice were 
dead by the 16th day and for strain 
6617 only 52% of the mice were dead 
by the 30th day. 


Mice 
Time ~ 3 Number of 
days 50% mice dead at 
. of mice 
Number Average 7 30 days 
. were dead 
injected weight ing 
20 18.2 i3 20/20 
24 18.2 26 12/24 
23 18.3 xO 12/23 
20 20 12 20/20 
20 20 14 20/20 
19 19.9 16 18/19 
22 18.7 il 22/22 
21 18.8 il 21/21 
20 18.6 13 20/20 
21 18.4 Lt 21/21 
2 18.3 11 19/22 
20 18.4 17 15/20 


The variations found in repeated 
comparble experiments with strains 
6617 and 6624 are presented in figure 
2. It is evident that differences as great 
as those found between strains may be 
obtained with a given strain in repeated 
experiments. The viability of aggre- 
gates in suspension remains constant 
for several hours when aggregates are 
suspended in cold saline or cold saline 
with 0.1% cysteine.' Variations similar 
to those seen in figure 2 were found in 
subsequent experiments when suspen- 
sions were prepared in the cold. It is 
probable that there are only small dif- 
ferences in the death-producing effects 
of these 4 strains of histoplasma. 

Individual mice vary in their response 
to a given dosage of yeast cells. This 
appears to be an inherent variability of 
the host not related to errors in measur- 
ing dosage or to loss of viability of the 
yeast cells. There was no evidence that 
small differences in weights of mice af- 
fected the course of infections. Howell 
et al have reported that male DBA line 
1 mice are more susceptible to the death 
producing effects of intracerebrally in- 
jected yeast cells of histoplasma.? Pos- 
2. Howell, A., Jr. and Kipkie, G. F. 1951, A 

comparison of the susceptibility by intracere- 

bral inoculation of six strains of mice with 

male DBA line 1 mice. Am. J. Trop. Med. 33: 

33-41. 
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Fic. 2.—Variations in the death-producing effects of strains 6617 and 6624 


in repeated comparable experiments. 


sibly the use of a more highly inbred 
strain of mice would have reduced the 
variations in host 


responses in these 


experiments. 


3. The infectivity of small numbers 
of yeast cells injected 
intravenously 


It was previously demonstrated that 
for each of these 4 strains of histoplasma 
infections in mice were regularly pro- 
duced by the intravenous injection of an 
estimated 100 aggregates per mouse.’ 
Data were also presented which strongly 
suggested that 1 viable aggregate of 
strain 6624 injected intravenously was 
sufficient to infect a mouse.' Experi- 
ments to determine the infectivity of 1 
viable aggregate for the other 3 strains 
have not been done. However, for each 
strain groups of 20 mice were injected 
intravenously with an estimated 190 
aggregates per mouse; the approximate 





number of viable 


aggregates ranged 
from 4 to 9 aggregates per mouse. The 
mice were sacrificed 4 to 6 weeks after 
the intravenous injections. Histoplasma 
was isolated from 78 of 80 mice; all 
cultures of tissues of 2 mice injected 
with an estimated 10 
strain 6622 were sterile. 

The failure to isolate histoplasma 
from 2 mice is difficult to explain, pro- 
viding viable aggregates were injected 
into these mice. It seems reasonable to 


aggregates of 


assume, however, that there are no im- 
portant differences in the infectivity of 
small numbers of viable aggregates pre- 
pared from these 4 strains of histo- 
plasma. 


DISCUSSION 


The pathology of nonfatal and fatal 
infections in mice is similar for each of 
the 4 strains of histoplasma. The most 
frequent gross lesions in fatal infec- 








32 


tions were: hepatomegaly, splenomeg- 
aly, and intestinal hemorrhage. As- 
cites were present occasionally and a few 
mice had a diffuse pneumonia with pul- 
monary edema and hydrothorax. No 
gross lesions were present in mice sacri- 
ficed 4 to 6 weeks after infection with 10 
or 100 aggregates. 

Differences in the pathogenicity of 
these 4 strains are small as measured in 
these studies. Other methods for com- 
paring 2 strains, 6617 and 6624, in 
other species of animals have not 
brought out any measurable differ- 
ences between these strains. The meth- 
ods used include the infectivity of 
small dosages and the capacity of small 
dosages to produce skin test conver- 
sions and circulating antibodies in 
rabbits and guinea pigs. In view of these 
findings it is of interest that these 
strains have quite different histories 
and cultural characteristics.! 

Infection with histoplasma alters the 
resistance of the mouse to the living 
organism. There is a critical range be- 
tween dosages that produce chronic 
infections and dosages that produce 
overwhelming fatal infections. Dosages 
of 10° to 10° yeast cells injected intra- 
venously only occasionally kill mice 
while dosages of 2, 4, or 810° yeast 
cells kill 50 to 100% of mice in less than 
30 days. Mice that survive these infec- 
tions for 30 days frequently continue to 
live as long as 6 months without clinical 
evidence of infection. Infections with 
100 aggregates do not produce deaths in 
mice in periods up to 6 months. We have 
no evidence that mouse tissues become 
sterile for histoplasma after infections 
with 100 or more aggregates. Other 
types of experiments have amplified 
these observations. Quantitative studies 
on the multiplication of histoplasma in 
mice infected with 100 aggregates dem- 
onstrated that growth is exponential for 
7 to 14 days; after 14 days the number 
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of viable organisms in the tissues re- 
mains stationary or decreases in some 
mice.’ Mice infected with an estimated 
100 aggregates and superinfected 2 to 
6 weeks later are completely resistant 
to the death-producing effects of dos- 
ages of yeast cells that kill more than 
50% of control mice in less than 30 
days.* Mice may be more resistant to 
intraperitoneal injections of yeast cells 


because resistance is induced before 
disseminated overwhelming infection 
occurs. 


The virulence of various strains of 
histoplasma was compared in 2 previous 
studies. Howell et al compared intra- 
cerebral, intravenous, and _ intraperi- 
toneal routes of infection in mice.‘ They 
reported no significant differences in 
the death-producing effects of yeast 
cells injected intravenously or intra- 
peritoneally. With intraperitoneal in- 
jections, yeast ce'ls suspended in mucin 
produced a larger percentage of deaths 
than similar dosages suspended in sa- 
line. The intracerebral route was supe- 
rior to the other routes since fewer yeast 
cells produced a larger percentage of 
fatalities within 30 days. Marked dif- 
ferences in the death-producing effects 
of 5 strains of histoplasma were found 
using intracerebral injections. The 
number of viable cells in infecting dos- 
ages was estimated from plate counts; 
there were more than 100-fold differ- 
ences in the number of viable cells in 
equivalent dilutions of packed cells pre- 
3. Rowley, D. A. Unpublished data. 

4. Howell, A., Jr. and Kipkie, G. F. 1950, Ex- 
perimental histoplasmosis. Susceptibility of 
male DBA line 1 mice by various routes of in- 
jection. Proc. Soc. Exper. Biol. & Med. 75: 
121-123. 

5. Howell, A., Jr. and Kipkie, G. F. 1950, Studies 
on experimental histoplasmosis. I1V. A com- 
parison of the virulence of five strains of 
Histoplasma capsulatum by intracerebral in- 
oculation of male DBA line 1 mice. J. Lab. & 
Clin. Med, 36: 547-554. 

















pared from each of the 5 strains of histo- 
plasma. No attempt was made to dif- 
ferentiate viable cells from viable ag- 
gregates. Small groups of mice were in- 
fected, however, with comparable num- 
bers of viable cells or aggregates ob- 
tained from each of the strains. The or- 
ganism was isolated from the tissues of 
almost all mice injected with viable 
yeast cells regardless of the route of in- 
fection, the suspending medium for the 
inoculum, or the strain of mice in- 
fected.?-*-* 

Campbell et al compared the death- 
producing effects of 4 strains of histo- 
plasma.’ Mice were injected intraperi- 
toneally with yeast cells suspended in 
saline or mucin. With the dosages 
tested, no deaths were produced when 
cells were suspended in saline; marked 
differences in the death-producing ef- 
fects of 4 strains were found when cells 
were suspended in mucin. The viability 
of cells in infecting dosages was not 
determined, and it was reported that 
histoplasma was consistently isolated 
from mice injected with cells suspended 
in mucin but was rarely isolated from 
mice injected with cells suspended in 
saline, 

Salvin has reported that mice (Swiss 
white males) are relatively resistant to 
intraperitoneal injections of 10, 100, 
or 1000 yeast cells per mouse.* Histo- 
plasma was isolated from 31 of 97 mice 
each injected with 1000 yeast cells sus- 
pended in saline and from 47 of 97 mice 


Oo 


Howell, A., Jr. and Kipkie, G. F. 1950, Studies 
on experimental histoplasmosis. I. A report on 
intracerebral inoculations of male DBA line 1 
mice. Pub. Health Rep. 65: 722-735. 

. Campbell, C. C. and Saslow, S. 1950, Use of 
mucin in experimental infections of mice with 
Histoplasma capsulatum. Proc. Soc. Exper. 
Biol. & Med. 73: 469-472. 

8. Salvin, S. B. 1954, Cultural and Serologic 

studies on nonfatal histoplasmosis in mice, 

hamsters, and guinea pigs. J. Infect. Dis. 94: 

22-29, 
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each injected with the same dosage sus- 
pended in mucin. The viability of cells 
in infecting dosages was not determined. 

The importance of standardizing 
conditions for growing the yeast phase 
and for determining the number of vi- 
able aggregates in suspensions is clearly 
indicated. Howell et al® prepared sus- 
pensions for infecting mice from cul- 
tures incubated 5 days; Campbell et al’ 
prepared suspensions from cultures in- 
cubated 4 days, and Salvin® prepared 
suspensions from shake cultures incu- 
bated 48 hours. A rapid loss of viability 
of aggregates in saline suspension at 
room temperature (24 C) occurs in sus- 
pensions prepared from either heavily 
inoculated cultures incubated 48 hours 
or cultures inoculated with fewer cells 
and incubated for 4 days.! 

Colony counts made on an appropri- 
ate medium give an index of the number 
of viable cells in a suspension only if a 
majority of the aggregates consist of 
single cells or cells with single buds. If 
dosages are estimated from cell counts, 
the number of cells per aggregate should 
be small; otherwise, there may be signif- 
icant variations in the number of aggre- 
gates present in different suspensions 
containing the same number of cells. 
The number of viable aggregates may 
be more important than the number of 
viable cells injected, since each aggre- 
gate, though multicellular, may estab- 
lish only a single focus of infection. 

The intracerebral route of infection 
is undoubtedly superior to other routes 
of infection for producing deaths in 
mice ;*'* however, a granulomatous men- 
ingitis is an almost constant finding.®* 
For our studies intracerebral injections 
have not been used because: (1) a men- 
ingitis is produced which is rarely found 


9. Salvin, S. B. 1953, Immunization of mice 
against Histoplasma capsulatum. J. Immunol. 
70: 267-270. 
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in hosts naturally infected or in animals 
experimentally infected via other 
routes, (2) the volume of inoculum must 
be small, (3) the location of injections 
is not exact and deaths may be pro- 
duced by focal brain lesions, and (4) 
intracerebral injections are not made 
easily in most other species of labora- 
tory animals. 

In our studies given dosages contain 
comparable numbers of small viable 
aggregates of yeast cells. With intra- 
venous injections there is uniform ac- 
curacy in delivery of an inoculum; the 
yeast cell aggregates are cleared from 
the blood rapidly and almost quantita- 
tively by the liver and spleen.’ It is 
possible that testing of other strains of 
histoplasma with our methods might 
confirm previous reports of marked 
differences in the virulence of various 
strains, 

The development of the experimental 
procedures used in these studies has 
made possible critical investigations of 
the pathogenesis of experimental histo- 
plasmosis in laboratory animals. It is 
probable that these same procedures 
would be equally applicable to studies 
of the chemotherapy of experimental 
histoplasmosis. 


SUMMARY 


Methods were developed for accurate 
measurement of infecting dosages of 


the yeast phase of Histoplasma capsu- 
latum. Intravenous and intraperitoneal 
routes of infection were compared. For 
2 strains dosages of 2 to 810° yeast 
cells per mouse had greater death-pro- 
ducing effects injected intravenously. 
With either route infections were regu- 
larly produced with an estimated 100 
aggregates of yeast cells per mouse. 

Four strains of histoplasma were com- 
pared using intravenous injections. For 
each strain there was a critical range 
between dosages that produced chronic 
infections and dosages that produced 
overwhelming fatal infections. The 
death-producing effects of 810° yeast 
cells per mouse were similar for the 4 
strains. There were apparent differences 
in the death-producing effects of the 
strains with a dosage of 210° yeast 
cells per mouse. However, differences as 
great as those found between strains 
were obtained with a single strain in re- 
peated experiments. Infections were 
regularly produced with an estimated 
10 aggregates of yeast cells per mouse 
for 3 strains; 2 of 20 mice were appar- 
ently not infected with this dosage pre- 
pared from 1 strain. 

With the measurements used, no im- 
portant differences in pathogenicity of 
4 strains of histoplasma were found. 
These findings are discussed in relation 
to the reports of previous investiga- 
tors. 



















































THE INFLUENCE OF DURATION OF PANTOTHENATE 


DEPRIVATION UPON NATURAL RESISTANCE 
OF RATS TO A CORYNEBACTERIUM 


JOSEPH SERONDE, JR., LOIS M. ZUCKER, AND THEODORE F, ZUCKER 


From the Department of Pathology of the College of Physicians and Surgeons, 
Columbia University, New York, New York 


In previous reports' the loss of spe- 
cies determined natural resistance to a 
certain corynebacterium has been de- 
scribed in young rats maintained on a 
pantothenate-deficient diet. The present 
work was undertaken to study the de- 
terioration of resistance in animals on 
experimental diet for varying periods 
of time, and to investigate suspected 
differences in the reaction of three 
strains of rats developed in this labora- 
tory.’ 


EXPERIMENTS AND RESULTS 


First experiment.—In the first experi- 
ment 16 litters, a total of 105 rats, were 
used. The number in each litter had 
been reduced to 6 or 7 at birth. Two 
strains were equally represented: the 
smaller ‘9B’ and the medium sized 
“13C.”"" One or 2 animals from each 
litter served as diet controls. All were 
housed in cages with 4-inch wire mesh 
bottoms, at first several to a cage, later 
individually. At weaning (21 days), 
they were all put on the same 2 diets as 
previously reported.*? The deficient diet 
was composed of the usual purified 
components supplemented with ample 
quantities of all known vitamins except 
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pantothenate. Calcium pantothenate 
was added to the diet of the controls in 
a concentration of 4 mg per 100 g of diet. 
The animals were divided into 4 groups, 
each group being composed of about 
equal numbers of the 2 strains. The 4 
groups were injected with corynebac- 
terium 197 (our strain 197, the same one 
used previously’) after 10, 20, 30 and 40 
days on experiment. Injections were all 
intraperitoneal. Fifteen-hundredths cc 
of a 24-hour plain broth culture was 
administered. Survivors were autopsied 
20 days after injection. 

Several of the circumstances in the 
injection were controlled in part by the 
technique indicated below, and in part 
by the second experiment, Availability 
of animals of suitable age and strain for 
the first experiment was such that in- 
jections had to be made on several dif- 
ferent days. In anticipation of this, 
therefore, a master culture of the organ- 
ism was made on blood agar beforehand. 
From the master culture an ample num- 
ber of subcultures on blood agar were 
made at the same time. For each of 
these subcultures several colonies from 
the master culture were sampled. After 
the subcultures had grown for 24 hours 
they were stored at —30 C. Before each 
animal injection day, one subculture 
was thawed, transferred to fresh blood 
agar, and thence into plain broth, All 
animals of a given litter always re- 
ceived inoculums from the same tube of 
culture. It was possible to inoculate up 
to 4 litters on a given day. 

Results.—The results of this experi- 
ment are outlined in table 1. In order 
to tabulate the responses of the animals 
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TABLE 1.—Eatent of infection in rats inoculated with C197 after 


various periods of pantothenate deprivation. 





10 daysondiet 20 days on diet 30 days on diet 


40 days on diet 





3 9 2 9 4 10 ; o* 
Number of rate Con- Experi- Con- Experi- Con- Experi Con- Experi- 
trol mental trol mental trol mental trol mental 
Minimal lesion 3 9 2 3 4 1 3 
Survivedt Limited infection 6 “ 1 
Severe infection 1 2 
OB —— —E ee —— —_ — 
Focal peritonitis 1 
Died Generalized peritonitis 4 
Focal and generalized 
peritonitis 
4 10 3 10t 4 10* ; 4 
Number of rate Con- Experi Con- Experi- Con- Experi Con- Experi- 
trol mental trol mental trol mental trol mental 
Minimal lesion 4 4 5 2 ; 
Survivedt Limited infection 4 2 2 
Severe infection 3 
13C — _— - - - 
Focal peritonitis 2 i 
Died Generalized peritonitis 6 8 
Foca and generalized 1 2 


peritonitis 





Minimal lesion 
at site of injection 

Limited infection 
sort. 

Severe infection 








No gross evidence of infection, fibrous peritoneal adhesions; or single nonpurulent minute granuloma 
Purulent abscesses, either limited to the injection site, or with up to 3 additional lesions of a similar 


Four or more purulent abscesses in the peritoneal cavity and frequently in the thoracic cavity as well 


These animalaAleo survived the arbitrary 20 day period after injection. 


Focal peritonitis 
category lived for a week or more. 
Generalised peritonitis 


Many acute abscesses in the peritoneal cavity and often in organs. These animals and those of the 6th 


Overwhelming involvement of the entire peritoneum. The pericardium and pleura were also 


sometimes involved. These animals sometimes showed evidence of terminal blood-stream invasion and occasionally had 
abscesses in organs as well. This form of infection was the most rapidly fatal, often killing in 2 or 3 days 


Focal and generalized peritonitis 
development 

* One animal died of intercurrent infection. 

t Two animals died of intercurrent infection. 

t Arbitrary 20-day period 


for comparative analysis, simplified 
categories were devised at some sacrifice 
of individual variation. Full justice will 
be done to whatever significance this 
variation may have when detailed de- 
scription of the lesions encountered is 
published.‘ 

It is immediately evident that sus- 
ceptibility increases in both strains as 
the animals remain longer on their de- 
ficient diets. The previously reported? 
resistance of pantothenate-fed litter- 
mate controls is again demonstrated. 

A remarkable difference in the rate of 
development of susceptibility is evident 
between the 2 strains. Thus, even after 
10 days of deprivation, half of the 13C 
animals showed more than a minimal 
infection. This finding would not be 


4. Seronde, J., Jr. In preparation. 


A combination of the 2 types of lesion. Evidence suggests that the latter is a terminal 


significant in itself, but it has value in 
the context of the entire table. Only at 
20 days on diet is the more resistant 9B 
in a corresponding state. By this time 
fatal infections are appearing among 
the 13C’s. In the 30 day group all the 
13C’s succumbed, and all the 9B’s sur- 
vived, although some had more severe 
infection than might be inferred from 
the table. One 9B was still highly re- 
sistant. Forty days on deficient diet 
finds the 13C’s highly susceptible; the 
longest survival was 6 days and the 
average was 34 days. Autopsy findings 
were quite uniform. Among the 9B’s 
this group furnishes the first fatalities. 

Five 13C’s died of the intercurrent 
disease. In 2 of these, where postmortem 
change 
monas was cultured from lesions bear- 
ing no resemblance to those produced 


was not excessive, a pseudo- 











PANTOTHENIC ACID AND 


by the corynebacterium. We have oc- 
casionally encountered fatal infections 
with this organism in pantothenate and 
other deficiencies but have not yet ex- 
plored their significance. 

Throughout the experiment all ani- 
mals were examined at frequent inter- 
vals, and their weights were recorded. 
Rectal temperatures taken daily on a 
series of them failed to reveal significant 
until the 
moribund. External stigmata of panto- 


variations individuals were 
thenate deficiency were often negligible, 
and never severe. Varying amounts of 
brick-red porphyrin pigment appeared 
around the eyes and on the head fur in 
general. Internal changes notably af- 
fecting the adrenal cortexes, will be 
considered in a later report. Growth 
curves were similar to others that have 
been reported pantothenate defi- 
ciency.’ The animals gained weight in a 
nearly normal manner for about the 
first 10 days of deprivation, then their 
growth curves began gradually to ap- 
proach the horizontal. The 2 strains 
were entirely comparable in this, the 


in 


5. Krehl, W. A., Winters, R. W. and Schultz, 
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growth of the 13C giving no indication 
of its greater vulnerability to infection. 
Indeed susceptibility was occasionally 
demonstrable to some extent before de- 
viation from the control growth pattern 
had developed. 

Second experiment.—A second experi- 
ment was undertaken to determine the 
effects of any unintentional variations 
in dosage of organisms administered to 
the animals. The influence of the in- 
jected broth medium was controlled as 
well. And cultures 
derived from another master culture 3 
months the 
some bearing on possible fluctuations in 


since these were 


later, observations have 
virulence. Also, data were obtained on 
the large 14C strain of rats* developed 
in this laboratory. 

A total of 34 animals were put on the 
pantothenate-deficient diet at 21 days 
of age. Twenty-three were of the 14C 
strain, and 11 of the 13C strain were 
included for comparison. They were in- 
jected intraperitoneally with various 
doses of corynebacterium 197 after 30 
days on diet. Survivors were killed 20 
days after injection, 

Using a standard series of spectro- 
photometer tubes, and a wavelength of 
700 my, 24-hour broth cultures were 


TABLE 2.—-Effect of size of inoculum after 30 days of pantothenate deprivation. 


Minimal lesion 
Limited infection 
Severe infection 


Survived 


14C 

Focal peritonitis 

Generalized peritonitis 
Generalized and focal peritonitis 


Died 


Minimal lesion 
Limited infection 
Severe infection 


Survived 


13C* 

Focal peritonitis 

Generalized peritonitis 
Generalized and focal peritonitis 


Died 





* One died of intercurrent disease. 
+ Survived. 


Inoculums (all 0.15 ce) 


Broth Saline 
undiluted Undilutedt 1:5 1:25 1:125 
5 
2 2 3 i 
2 i 2 2 
i 1 i 
if i 
1 
2 ! 
1 
1 
1 1 
1 I 


t Saline suspensions of washed cells prepared from 24-hour broth culture and having the same optical density as broth 


culture, exclusive of color 
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TABLE 


3.—Growth of deficient rats. 





Days on experiment 
Strain -- a SSeS ae 





10 20 »” 40 
Percent normal weight 
9B 93 75 49 46 
13C 87 O48 46 “4 
Weight increase (W /W,) 
oB 1.37 1.79 1.74 1.84 
1.55 1.87 1.86 2.06 


13C 





found to have optical densities of 0.110 
to 0.130. Since supernatant broth after 
centrifugation gives a reading of about 
0.020, this leaves approximately 0.100 
attributable to bacterial cells. This is 
an arbitrary figure naturally dependent 
upon the thickness of the absorbing 
layer. It was calibrated against the 
MacFarland Scale (standard BaSO, 
suspensions*), where it was found to be 
equivalent to 1.4. From the washed 
cells saline suspensions (both undiluted 
and various serial dilutions listed in 
table 2) were prepared. 

Results.—The results of this experi- 
ment are summarized in table 2. First, 
considering dosage, it is apparent that 
undiluted broth and saline suspensions 
are equivalent. The difference between 
these and the 1:5 dilution is not striking. 
Thus this range of variation in the num- 
ber of organisms administered is not 
particularly significant. Although num- 
bers of animals are not great, it would 
appear that the response of the 13C 
strain in this experiment was about as 
previously recorded in table 1, 30-day 
group. Comparing this group in its en- 
tirety with the combined findings under 
undiluted broth and undiluted saline in 
table 2, the susceptibility of strain 14C 
is found to lie clearly between that of 
the 9B and the 13C. 


DISCUSSION 


The contrasting durations of depriva- 


6. Kabat, E. A. and Mayer, M. M. 1948, Experi- 
mental Immunochemistry, Charles C Thomas, 
p. 545. 


tion necessary to achieve a marked sus- 
ceptibility to the corynebacterium in 
our different strains of rat requires con- 
sideration. Examples are already known 
for instance where requirements for 
given food factors vary among strains 
strains within a species.’ In order to 
determine the applicability of this ex- 
planation, growth data on our animals 
were used as an estimate of deficiency 
state. The use of acetylation for this 
purpose has been explored elsewhere.’ 
Direct comparison of 9B and 13C 
growth curves however cannot be made 
because of differences in racial size. Con- 
sequently, table 3, offering 2 indirect 
methods, has been prepared. 

By the first of these methods, tabula- 
tion of percent normal weight expected, 
the growth of 9B’s appears slightly bet- 
ter than that of 13C’s. By the second 
method, where weight increase is tabu- 
lated as the ratio of observed weight 
(W) to intitial weight (W;,), the oppo- 
site is inferred. Mean differences are in 
either case smal! as compared with in- 
dividual values. We see, therefore, no 
clear indication that the strain differ- 
ence in susceptibility is associated with 
a different deficiency status as measured 
by growth. 


SUMMARY 


Two observations have been added 
to our original reports.'? 

1. Young rats deprived of panto- 
thenate gradually lose their natural spe- 
cies resistance to corynebacterium 197. 

2. The dependence of this natural 
resistance upon pantothenate is influ- 
enced by the genetic constitution of the 
animals. 


7. Fenton, P. F. and Cowgill, G. 
Nutrition, 34: 273-283. 

8. Zucker, L. M., Seronde, J., Jr. and Zucker, 
T. F. 1955, Arch. Biochem. and Biophysics, 
55: 9-14. 
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STUDIES IN EXPERIMENTAL MENINGITIS IN 
RHESUS MONKEYS 
I. THE PATHOGENIC EFFECT OF VARIOUS BACTERIA RECOVERED FROM HUMAN CASES 


MORTON HAMBURGER, KENNETH L. CLARK, J. PARK BIEHL, 
AND LOUIS P. JERVEY, JR. 
From the Department of Medicine, and the John R. Stark Laboratory of the Department of 
Pathology, University of Cincinnati College of Medicine, and the 
Cincinnati General Hospital, Cincinnati, Ohio 


The original purpose of these investi- 
gations was to produce an experimental 
exudative meningitis, and then to de- 
termine the effect of fibrinolytic and 
other enzymes upon the exudate. The 
criteria proposed for the experimental 
infection were (1) that there be an 
abundant exudate, (2) that the degree 
of exudate be uniformly reproducible, 
and (3) that the infected animal survive 
long enough to allow the therapeutic 
effect of the enzymes to be studied. 

During the course of the studies a 
good deal was learned about the natu- 
ral history of experimental meningitis, 
produced by the intracisternal inocula- 
tion of various bacteria, especially in 
relation to such factors as mortality 
and degree of exudate laid down. For 
instance, quite different effects were pro- 
duced by Diplococcus pneumoniae, type 
I, on the one hand, and Hemophilus in- 
fluenza, type B, on the other. 

When the original criteria were finally 
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fulfilled, the suspending agent for the 
bacterial inoculum proved to be of cru- 
cial importance, Over a period of a year 
and a half, gelatin-Locke’s solution was 
employed, but a satisfactory experi- 
mental procedure was not obtained un- 
til a strain of Pseudonomas aeruginosa 
was suspended in ground up jelled agar. 
By means of this technique it became 
possible to produce an infection in which 
the three criteria described above were 
fulfilled. 

This paper will describe our experi- 
ence with meningitis produced by D. 
pneumoniae, types I and III, Strepto- 
coccus salivarius, Escherichia coli, H. 
influenza B, and Ps. aeruginosa. The 
second paper in the series will deal with 
experiments in which enzymes were in- 
jected into the subarachnoid space. 


METHODS 


Monkeys.—The experimental animals were 
rhesus monkeys, (Macaccus mulatta) weighing 6 
to 9 pounds, both male and female. Most of the 
monkeys were donated by Dr. L. H. Schmidt of 
the Institute for Medical Research, Christ 
Hospital, Cincinnati, where they had been used 
in an investigation of malaria chemotherapy. 
They had been cured of their malaria and their 
spleens removed. Some animals were purchased 
directly from a dealer. 

Preparation of the bacterial inoculum.—In all 
the experiments the volume of the inoculum was 
1 ml. In the early experiments the suspending 
fluid was usually Locke's solution containing 
0.1% gelatin. In a few experiments using Ps. 
aeruginosa other suspending mediums were used: 
a simple aqueous extract of macerated monkey 
skeletal muscle, a similar extract of monkey liver, 
and yeast-beef broth. No significant differences 
were noted among these suspending agents in re- 
gard to the production of meningitis. 
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In the later experiments nutrient agar was 
used as the suspending agent for the pseudo- 
monas and the inoculum was prepared as follows. 
A 24-hour-old broth culture of the organism was 
employed. Tenfold serial dilutions were made in 
saline solution, except for the final dilution, 
which was made in 9 ml of warmed liquid 1.5% 
nutrient agar. This was allowed to cool and 
solidify in a sterile mortar. It was then ground 
with a sterile pestle until a smooth, semiliquid 
homogeneous jelly was obtained in which no 
individual particles could be seen. The volume at 
this point was 10 ml. Five ml of yeast-beef broth 
were then added and mixed thoroughly with the 
pestle to reduce the viscosity of the inoculum. 
One ml aliquots of this suspension were drawn 
into a tuberculin syringe through an 18 gauge 
needle. Before inoculation, the 18 gauge needle 
was removed and the inoculation was made 
through a 1} inch #20 gauge lumbar puncture 
needle inserted into the cisterna magna. 

It should be noted that the addition of 5 ml of 
yeast beef broth produced a 15-fold dilution in 
the final step, rather than a 10-fold dilution as in 
the preceding steps. The addition of the yeast 
beef broth reduced the percentage of agar present 
from 1.5% to 1%, 

In order to determine whether or not the ma- 
terial in the mortar was of uniform composition, 
1 ml aliquots were obtained before withdrawing 
the first inoculum, and again after all the ma- 
terial for inoculums had been removed. A pour 
plate was made from each of these two aliquots. 
A very close correlation in colony count was ob- 
tained between these two plates. 

Bacteria employed. D. pneumoniae I.—This 
strain was cultured from the blood of a patient 
with pneumococcal pneumonia. 

D. pneumoniae II I,—This strain of low mouse 
virulence was kindly supplied by Dr. Colin M. 
MacLeod, 

H. influenza B.—The ‘‘Keller"’ strain was re- 
covered from a child with influenzal meningitis 
in New York and sent to us in lyophilized form 
by Dr. Hattie E. Alexander. 

Esch. coli, type 0-07, strain ZG.—This organism 
was cultured from the spinal fluid of a patient 
who suffered two relapses of meningitis, at inter- 
vals of several weeks. 

Ps. aeruginosa Kreich.—This strain was re- 
covered from the spinal fluid and brain of a pa- 
tient who died of subacute meningitis. At 


1, Biehl, J. P. and Hamburger, M. 1954, Poly- 
myxin B therapy of meningitis following pro- 
cedures on central nervous system. Beneficial 
therapeutic effect of polymyxin B in menin- 
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autopsy, the brain displayed extensive thick 
yellow-green exudate. 

Str. salivarius M.W.-—This organism was re- 
covered from the blood stream of a patient with 
subacute bacterial endocarditis complicating con- 
genital heart disease. 

Technique of cisternal puncture.—The animals 
were anesthetized with an intravenous or intra- 
peritoneal injection of pentobarbital. Occasion- 
ally it was necessary to use open drop ether in 
addition. A 20-gauge lumbar puncture needle was 
inserted into the cisterna magna, and after the 
withdrawal of 1 or 2 ml of fluid, the bacterial 
inoculum was introduced. Subsequent cisternal 
punctures were repeated at appropriate intervals, 
sometimes daily. 

Study of spinal fluid.—The following examina- 
tions were performed on each specimen of spinal 
fluid: white cell count, red cell count, Pandy reac- 
tion, culture, Gram stain. Some of the fluids were 
centrifuged and the supernatant frozen at 4 F for 
further studies. 

Autopsies.—Autopsies were performed on ani- 
mals which died as a result of the experimental 
infection. Of the monkeys which survived, most 
were sacrificed and the meninges and brain re- 
moved; a few were allowed to live. At autopsy, 
slices of the arachnoid and underlying brain were 
fixed in neutral formalin buffered with phosphate. 
All sections were stained with hematoxylin and 
eosin, some by the Feulgen technique, and some 
by Mallory'’s phosphotungstic acid hematoxylin 
stain. Cultures were made of exudate 
present. 


any 


EXPERIMENTAL RESULTS 


Meningeal exudate.—-That the vari- 
ous microorganisms differed in the 
amount of exudate they elicited in the 
meninges is demonstrated by the data 
in table 1. This table was constructed 
from observations on autopsy material 
on all monkeys which died spontane- 
ously or were sacrificed. Certain ani- 
mals were permitted to survive wel’ 
beyond their clinical recovery and a few 
animals which died within the first 48 
hours after inoculation were discarded 
without autopsy. 

The only two bacteria which regularly 
produced enough exudate to be desig- 





gitis due to organisms of the colon group. 
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TaBLe 1.— Meningeal exudate produced 


by different organisms 


Percent of monkeys whose 


Num brains showed varying 
M ber of amounts of exudate 
Microorganism 
mon 
mre > 
key None Scant y — a 
Ps. aeruginosa (agar) 26 0 15 12 73 
D. pneumoniae | 56 9 23 43 25 
Esch. coli 10 0 20 0 20 
H, influenza B 4 25 25 0 50 
D. pneumoniae 111 3 67 0 43 0 
Ps, aeruginosa 12 75 17 8 0 
Str. salivarius 2 100 0 0 0 


Except for the experiments in the top line, where agar wa 
employed as the bacterial suspending agent, and 3 of those 
in line 6 (Ps. aeruginosa), where yeast-beef broth was em 
p'oyed, the microorganisms were suspended in gelatin 
Locke's solution 


nated as moderate or profuse were the D 
pneumoniae IJ strain suspended in the 


the Ps. 
aeruginosa when it was suspended in 


gelatin-Locke’s solution, and 


agar. The other strains were unsatis- 
factory from the standpoint of exudate 
production. The colon bacillus did elicit 
adequate exudate in half of the animals, 
but the infection was so rapidly fatal 
that it was not suitable for our purposes 
The other strains produced meningitis 
irregularly. In the case of the D. pneu- 
moniae III, H. influenza B and Str 
salivarius, several animals given large 
inoculums failed 
fluid 


sacrificed. 


to develop positive 


spinal cultures, and were not 

The D. pneumoniae I strain produced 
a uniformly fatal meningitis in every 
animal whose spinal fluid culture be- 
came positive, though a few monkeys 
1000 or- 


ganisms failed to develop positive cul- 


inoculated with fewer than 
tures. Inoculums larger than 1000 bac- 
teria usually killed within 2 to 4 days 
with the production of little exudate 
The most satisfactory dose was 100 to 
999 organisms, but since even this dose 
usually killed in less than 4 days after 
the 


The exudate, not abundant, was grayish 


inoculation, strain was not ideal, 


or gravish-vyellow in color. It was usually 
found in the sulci, sometimes over the 
the 


cortex, and sometimes at base of 


the brain. Microscopically it consisted 
of a great outpouring of polymorpho- 
nuclear leucocytes and abundant fibrin. 
Extracellular desoxyribonucleic acid was 
not demonstrable by the Feulgen tech- 
nique. 

The pseudomonas strain gave irregu- 
lar results when the inoculum was sus- 
pended in gelatin-Locke's solution, the 
the 
Seventy-five 


suspending agent used for other 


microorganisms. percent 
of the animals showed no exudate at 
all, and those which did display any 
died on the second day of their disease 

The possibility that reinoculation of 
the same animal at short intervals with 
increasing numbers of organisms might 
produce conditions which would lead to 
localization of the meningeal infection 
was investigated in a group of 5 mon- 
keys. The results were not encouraging. 
When reinoculated at 3- to 13-day in- 


tervals with progressively increasing 


numbers of pseudomonas organisms 
suspended in gelatin-Locke’s, some pro- 
tection against higher bacterial dosages 
(5 million to 90 


seemed to be provided by the previous 


million organisms) 
inoculations (10 to 80,000 organisms) 


Three monkeys survived indefinitely 
after the final inoculation with 5 million 
organisms. One monkey died less than 
24 hours after inoculation with 90 mil 
lion organisms and at 


autopsy was 


found to have a moderate amount of 
meningeal exudate; cultures of the blood 
and of the exudate contained pseudo- 
monas. The remaining monkey survived 
inoculation with 90 million organisms, 
and when sacrificed 5 days later, showed 
no meningeal exudate, 

The employment of agar as a sus- 
pending agent for pseudomonas pro- 
foundly changed the nature of the ex- 
perimental infection. Twenty-three of 
26 monkeys exhibited profuse or mod- 
erate amounts of exudate. Animals sac- 


rificed on the 5th day showed (with vers 
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Fic. 1 
Ps, aeruginosa (Kreich strain) suspended in finely 


Brain of rhesus monkey infected with 


ground agar. Animal sacriliced on 6th day after 


inoculation 


few exceptions) thick yellow-gray-green 


exudate around the base of the brain 
and the cerebellum, sometimes extend- 
ing several centimeters down the spinal 
cord itself. Figure 1 is a photograph of 
a typical example. There was rarely any 
exudate seen over the cortex of these 
brains. 

Microscopically the sections showed 
numbers of polymorphonuclear 
fibrin. A 


small specks of agar could be identified 


yreat 
leucocytes, and much few 
as bluish amorphous material seen in 
hematoxylin and eosin stains. Feulgen 
stains demonstrated large amounts of 
extracellular desoxyribonucleoprotein. 


In 10 experiments 1 animal was desig- 


TABLE 2 
fection with pseudomonas in agar 


Monkeys permitted to survive after in- 


Monkey Days Bacterial Exudat Brain 
no lived inoculum on brain culture 
43 ; 287 Profuse + 
47 5 287 Moderate + 
$3 5 73 Profuse 
79 10 597 Slight 
27 15 57 Profuse + 
92 »w 621 None 
75 45 533 None 
28 S 15 57 Prof use + 
49 S 24 27 Profuse + 
97 S 157 621 None 


S, sacrificed 


nated as a ‘survivor’ and permitted to 
The fate of these ‘‘survivors’’ is 
shown in table 2. the 10 
monkeys died on the 5th day or earlier 
their 


live. 
Three of 
and brains exhibited abundant 
exudate. Two were sacrificed on day 15 
and day 24, respectively, and also dis- 
played abundant exudate. One sacri- 
ficed on day 157 was normal. The re- 
maining 5 survived from 10 to 60 days. 
Two monkeys which died of unknown 
causes on the 30th and 45th days, re- 
spectively, had normal meninges and 
negative cultures. 

Microscopic sections of the exudate 
from the survival experiments showed a 
purely neutrophilic reaction with small 
amounts of fibrin in the 2 monkeys 
3 (see table 2). On 


day 5 the exudate was still predominant- 


autopsied on day 


ly neutrophilic, but the basal layers of 
the leptomeninges showed evidences of 
early organization, with increased num- 
bers of histiocytes, and a few plasma 
cells and fibroblasts. Depolymerized 
desoxyribonucleoprotein was present in 
large amounts, and there was a moder- 
ate amount of fibrin. This picture is 
typical of that seen in the majority of 
day 5. By the 


10th day the reaction was predominant- 


monkeys sacrificed on 
ly histiocytic, with active organization 
proceeding. At 15 days the exudate con- 
histioevtes, fibro- 


sisted essentially of 


blasts, lymphocytes and plasma cells 


Occasional masses of neutrophiles were 
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TABLE 3.— Mortality in experimental meningitis produced by intracisternal 





inoculation of common bacteria. 


). " . 
l is yar ee Esch. coli u “oe Pm . cts H. influensa B Sir. salivarius 
Number of — —_ 
bacteria Num- Num- pp... Num ’ Num- , Num Num 
inoculated ber of 7 ber of ya ber of 7 ber of ger ber of recent ber of Ponent 
mon- ,° mon- non- mon ; mon- r mon- 
keys tality keys tality keys tality keys tality keys tality keys tality 
1-99 18 89 5 33 6 50 2 0 0 0 
100-999 40 95 0 0 6 17 0 4 0 
1000-9999 4 100 6 67 0 1 0 3 0 0 
10 ,000-99 ,999 0 0 0 4 0 0 0 
100 ,000-999 ,999 0 0 0 i 100 0 0 
1 miliion- 0 0 0 i 0 3 0 0 
9,999, 
10 million— 0 0 0 2 0 0 2 0 
999 999 
>100 million 0 4 100 0 3 100 2 0 0 
Total 62 94 13 69 6 50 20 25 8 0 6 0 








Ail inoculums were suspended in gelatin-Locke’s solution 
suspended in an aqueous extract of monkey liver, an aqueou 


still seen. Collagen was present. Foreign 
body giant cells, first seen about the 
10th day, were now numerous and strik- 
ing. They often completely surrounded 
the agar fragments, forming multinu- 
cleated syncytial masses resembling the 
reaction seen in a gouty tophus. 

Mortality in experimental meningitis 
produced by various bacteria. 
tality produced by various bacteria 
when suspended in gelatin-Locke’s solu- 
tion is presented in table 3. Their viru- 
lence varied enormously, with D. pneu- 
moniae I proving almost uniformly fatal 
and the Keller strain of H/. influenza B 
failing to kill monkeys at all. In between 
these were the Esch. coli strain, which 
killed 69% of the animals, and the Ps. 
aeruginosa strain, which killed 25%. 
With most of the strains, the mortality 
was higher when larger bacterial in- 
oculums were used, Also, in the fatal 
infections, the average day on which the 
monkeys died was later when the inocu- 
lum was smaller than when it was larger. 
Animals which were sacrificed are not 
included in this table. 

Gelatin-Locke’s solution was em- 
ployed as the suspending agent in all the 
experiments in table 3, except in some 


The mor- 


of the pseudomonas experiments, With 
the latter, yeast beef broth, an aqueous 





, except a few of the pseudomonas. Some of the latter were 
8 extract of monkey muscle, or yeast beef broth 


extract of monkey liver, and an aqueous 
extract of monkey muscle were tried, 
but the results did not seem significantly 
different from those obtained with gela- 
tin-Locke’s solution. 

Since of the animals infected 
with pseudomonas in agar were sacri- 
ficed, the mortality data for this group 
are inadequate. Monkeys inoculated 
with 1000 to 9999 organisms died on an 
average of 3.5 days, but most of the 
monkeys given 100 to 999 survived in- 
definitely unless they were sacrificed. 

Cerebrospinal fluid white cell counts. 
Table 4 presents the mean white cell 
counts in the spinal fluid at various 
periods after inoculation. 

In the group where gelatin-Locke’s 
solution was employed as the bacterial 
suspending agent, by far the largest 
number of counts were performed on 


most 


the 3rd day. There was considerable 
variation in the individual counts, 
which ranged from 66 to more than 
18,000 per cmm. However, the mean 
counts tended to approximate one an- 
other regardless of the microorganism 
used or the virulence of the infection. 
For example, the mean white cell count 
on day 3 in the monkeys infected with 
D. pneumoniae I was 2210, where the 
mortality was 94%, whereas that with 
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TaBLe 4.—Cerebrospinal fluid white cell counts. 
Bacterial inoculum suspended in gelatin-Locke’s solution Ps comin 
meee ween - - suspe 
of D. as wee me Esch. coli Hi. influensa B D. a Ps. aeruginosa ao 
cis- —— ———_——_—__— - —- SO 
ternal Num- Num Num- Num- Num Num Num- 
tap ae ber of AYE ber of oe ber of oe ber of AVE berof AVE beroi Ayerage ber of 
mon mon- mon- 7 ~ mon - Mon mon- 
WBC keys wBc key WBC keys WBC keys WBC keys WBC keys keys 
2 700 27 4307 15 35,671 39" 
3 2210 a 797 % 1082 6 2956 & 290 5 10,707 4 
4 3100 9 1910 10 27,594 6 
5 1243 6 203 5 7,895 4 
7 903 4 
7 793 9 
12 785 4 
19 122 5 
22 73 2 
29 25 5 





* This figure includes 28 animals treated with enzymes 
of spinal fluid. 


the H. influenza B was 2956, where the 
mortality was zero. 

It was interesting to note that in 
these monkeys, as well as in others in- 
oculated with sterile solutions of one 
type or another,’ there was no correla- 
tion between the height of the white 
count and the presence or absence of 
exudate in the meninges at autopsy a 
few days later. Counts of several thou- 
sand were common despite the absence 
of any visible exudate. 

When agar was used as a suspending 
agent for Ps. aeruginosa, the white 
blood cell counts were much higher 
than when gelatin-Locke's solution was 
employed for the same organism. 
Counts between 20,000 and 40,000 were 
common, and one count was recorded 
at 110,000. That the agar itself was ir- 
ritating to the meninges was shown by 
spinal fluid leucocyte counts of 21,900 
and 5200, respectively, in two monkeys 
given intracisternal inoculations of ster- 
ile agar. When sacrificed 5 days after 
inoculation, the meninges of both ani- 
mals were free of exudate. 

Pandy reaction—The Pandy reac- 


2. Hamburger, M. and Biehl, J. P. 1953, Some 
effects of injecting sterile solutions of strepto- 
kinase-streptodornase into the subarachnoid 
space of normal rhesus monkeys. J. Clin. 
Investigation, 32: 391-393. 





or intracisternal saline immediately following the withdrawal 


tion was uniformly positive in all mon- 
keys exhibiting pleocytosis. In the vast 
majority of instances the reaction was 
recorded as 4+. 

Spinal fluid cultures—As table 5 
demonstrates, the percentage of mon- 
keys exhibiting positive spina! fluid cul- 
tures varied from zero in animals inocu- 
lated with Sir. salivarius to 94% in 
those with D. pneumoniae I and 100% 
with pseudomonas when suspended in 
agar. In the very few instances where 
positive cultures were not obtained, 
fewer than 200 organisms had been in- 
oculated, and the monkeys survived. 
In every instance where a positive cul- 
ture developed the animal succumbed. 

The H. influenza B experiments were 
particularly interesting. All 9 monkeys 
survived and 67% exhibited positive 
cultures. Two animals given more than 
100,000,000 bacteria showed positive 
spinal fluid cultures through the 12th 
day of their disease, though they were 


TABLE 5,—Percent of positive spinal fluid cultures 
produced by various microorganisms. 





Number of 


, , Percent 

Microorganism monkeys positive 
Ps. aeruginosa (agar) 26 100 
D. pneumoniae I 64 o4 
Esch. coli 4 79 
H. influensa 9 67 
D. preamoniae I11 5 40 
Ps. aeruginosa 26 3 
Str. salivarius 8 0 
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not at all clinically ill. In both these 
animals the. spinal fluid cultures re- 
verted to negative by the 22nd day. 
When an inoculum of between 1,000,000 
and 9,999,999 organisms was employed, 
one monkey showed positive cultures 
through the 5th day, but negative cul- 
tures on the 12th and 19th days. An- 
other displayed consistently positive 
cultures through day 19, but a negative 
one on day 29. 

When inoculum of 100 to 9999 or- 
ganisms of the pseudomonas strain was 
suspended in agar, 100% of 26 monkeys 
exhibited positive spinal fluid cultures. 

Direct smears of spinal fluid from in- 
fected monkeys.--UVuring most of the 
cisternal punctures a drop of spinal 
fluid was allowed to fall on a glass slide 
and was stained by the Gram tech- 
nique. Every preparation from an in- 
fected monkey collected from the 2nd 
day to the subsidence of the infection 
contained large numbers of polymor- 
phonuclear leucocytes. 

The number of bacteria seen on these 
smears varied with the infecting micro- 
organism. In the D. pneumoniae I in- 
fection few or no bacteria were seen on 
the 2nd day, but from then on they 
were found in large numbers in practi- 
cally every instance. No phagocytosis 
was noted. In the H. influenza infec- 
tions only 29% of the smears on the 2nd 
day exhibited gram-negative rods. None 
of the smears from taps after the 2nd 
day showed any bacteria at all. 

In the pseudomonas infections in 
which the bacteria were suspended in 
agar 29% displayed positive smears on 
the 2nd day. Despite the persistence of 
positive cultures, the percentage of 
positive smears fell progressively, even 
in animals whose brains displayed con- 
siderable exudate at autopsy. Thus, on 
the 3rd day 11% of the smears were 
positive, on the 4th day 10%, and on 
the 5th day none. 


DISCUSSION 

The experiments reported in this 
paper demonstrate the difficulty we 
have encountered in producing a 
satisfactory experimental model of sub- 
acute meningitis wherein a _ suitab'e 
exudate would be produced regularly 
but in which death would not occur 
within the first few days. In producing 
such a model the employment of agar 
rather than gelatin-Locke’'s solution as 
the suspending agent for the infecting 
bacteria proved to be more important 
than any other single factor. The agar 
apparently played a dual role. It pro- 
duced irritation of the meninges, and 
also seemed to hold the bacteria close 
to the site of inoculation. 

In the gelatin-Locke’s experiments, 
there was a pronounced parallelism be- 
tween the virulence of the various 
strains for the monkey and for man. For 
example, D. pneumoniae I produced an 
almost uniformly fatal meningitis last- 
ing from 1 to 5 days. The colon bacillus 
also caused an infection of high mor- 
tality. On the other hand, the strain of 
Str. salivarius from a case of bacterial 
endocarditis failed to infect monkeys 
at all. This is in keeping with the rarity 
of meningitis in man caused by Sir. 
salivarius. The effect of the H. influenza 
B strain was also interesting in view of 
the well known fact that though it is a 
common cause of menigitis in infants 
and small children, it rarely infects 
adults. Since the monkeys employed 
were all relatively mature animals, it is 
noteworthy that the meningitis pro- 
duced in these monkeys was mild and 
self-limited. 

Bacterial dosage played a consider- 
able role, and in this respect of course 
no comparison with human infection is 
possible, The role of dosage was particu- 
larly conspicious in the Ps. aeruginosa 
infections, where undiluted culture in 
gelatin-Locke’s solution killed 100% 
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of animals but where small doses failed 

to infect at all unless the organism was 

suspended in agar. 

It is of some interest to recall efforts 
to produce experimental meningitis dur- 
ing the early years of the 20th century. 
As far back as 1906, attempts to pro- 
duce the disease in guinea pigs and 
monkeys were reported by Southard 
and Keene* and by Simon Flexner.’ In 
these early experiments pneumococci 
and meningococci were employed, and 
various ways of introducing the organ- 
isms were investigated. Flexner put 
meningococci directly into the spinal 
canal by means of lumbar puncture. 
Southard and keene infected guinea 
pigs through the orbit. In 1911 Martha 
Wollstein® infected mice, guinea pigs, 
rabbits and monkeys with influenza 
bacilli. Her strain was particularly viru- 
lent for monkeys, following lumbar in- 
oculation, though she described one 
monkey which survived 27 days, with 
complete recovery. Austrian’ in 1918 
produced meningococcal meningitis in 
rabbits by the lumbar inoculation of 
meningococci. 

In 1919 Ayer’ reported an extensive 
investigation of meningitis following 
intravenous or subarachnoid injection 
of various bacteria. He was especially 
interested in finding means of lowering 
3, Southard, E. E. and Keene, C. W. 1906, A 

study of brain infecticns with the pneumo- 

coccus. J.A.M.A, 46: 13-21. 

4. Flexner, S. 1907, Experimental cerebrospinal 
meningitis in monkeys. J. Exper. Med. 9: 
142-167. 

5. Wollstein, M. 1911, Serum treatment of in- 
fluenzal meningitis. J. Exper. Med. 14: 73-82. 

6. Austrian, C. R. 1918, Experimental meningo- 
coccus meningitis. Bull. Johns Hopkins Hosp. 
29: 183-185. 

7. Ayer, J. B., Weed, L. H., Wegeforth, P. and 
Felton, L. D. 1920, Monographs of the 
Rockefeller Institute for Medical Research, 
no. 12, (A Study of Experimental Menin- 
gitis), pp. 26-113, The Rockefeller Institute 
for Medical Research, New York. 
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the barrier to passage of bacteria from 
the blood into the subarachnoid space. 
The most reliable method discovered 
was simple withdrawal of cerebrospinal 
fluid either by lumbar or cisternal punc- 
ture prior to the intravenous inocula- 
tion of bacteria. The most effective 
method was injection of concentrated 
saline solutions intravenously just be- 
fore bacterial inoculation. In contrast 
with our own experience, Ayer felt that 
organisms most virulent in the human 
meninges showed little virulence in the 
subarachnoid space of his experimental 
animals. However, most of the experi- 
ments were carried out on cats, with a 
few rats, guinea pigs, one hen and one 
monkey. The difference between his 
results and those reported in this paper 
are probably explained by the difference 
in animal species employed. 

A final point worthy of comment is 
the striking lack of correlation between 
the height of the white cell count in the 
spinal fluid and the presence of exudate 
in the meninges. Pleocytosis without 
exudate has been observed following in- 
jection of bacteria of low pathogenicity 
or of sterile irritating solutions.* 


SUMMARY 


Meningitis has been produced experi- 
mentally in adult rhesus monkeys by 
the inoculation into the cisterna magna 
of the following strains of bacteria: 
Escherichia coli, Pseudomonas aeruginosa 
and Hemophilus influenza B, all from 
human cases of meningitis; Diplococcus 
pneumoniae I and Streptococcus sali- 
varius from the blood stream of pa- 
tients, and D. pneumoniae III from a 
case of human pneumonia. 

D. pneumoniae I suspended in gela- 
tin-Locke’s solution produced a rapidly 
fatal infection associated with varying 
amounts of exudate in the subarachnoid 
space. H. influenza B, suspended in the 
same fluid, gave rise to a very mild in- 

















fection, with pleocytosis and positive 
spinal fluid cultures, but with spontane- 
ous recovery and ultimately negative 
spinal fluid cultures in every animal. 
The effects of the other strains fell be- 
tween these two extremes. The amount 
of exudate found in the subarachnoid 
space was not predictable. In general 
less exudate was found on the meninges 
of animals dying within 48 hours than 
in those which survived longer. In- 
creases in the number of white cells in 
the spinal fluid, usually of the magni- 
tude of 1000 to 4000 cells per cmm, and 
a positive Pandy reaction were observed 
in all animals which developed positive 
spinal fluid cultures. 
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Reproducible results, from the stand- 
point of exudate production, were 
achieved when the pseudomonas was 
suspended in finely ground agar instead 
of in gelatin-Locke’s solution. Inocula- 
tion of such a suspension led to a regu- 
larly reproducible meningitis, with 
abundant thick, yellow-gray-green exu- 
date the the brain. 
Microscopically this exudate contained 
many 


around base of 


polymorphonuclear 
and 


leucocytes, 
fibrin, extracellular desoxyribo- 
nucleic acid. With appropriate bacterial 
dosage, such animals lived for 5 days or 
more and provided an excellent experi- 
mental model for the study of thera- 
peutic measures in meningitis. 
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Both influenza A and influenza B 
viruses were isolated in various out- 
breaks that were studied by different 
workers in the winter of 1949-50 in 
many parts of the United States and in 
other countries.'~’ In one hospital in 
New York, influenza B viruses were 
obtained from some patients and in- 
fluenza A strains from others, and infec- 
tions with these strains were confirmed 
by studies of the antibody response 
demonstrated in acute and convalescent 
serums from the patients.’ Correspond- 
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ing to the outbreaks in the United 
States, there was an increase in the 
number of reported deaths from in- 
fluenza and pneumonia between the 
first week of March and the second week 
of April 1950.* 

During the first two weeks of March 
1950 in Boston, when acute respiratory 
infections resembling clinical influenza 
were prevalent, several strains of in- 
fluenza A virus were isolated from throat 
washings of patients with such infec- 
tions. However, none of the patients 
from whom these strains were isolated 
showed a characteristic antibody re- 
sponse in their serums to standard 
strains of influenza A virus, and the 
acute and convalescent serums of one 
of them showed a significant rise in titer 
of antibodies to strains of influenza B. 
A strain of influenza B, resembling other 
recent B strains but differing from Lee, 
was subsequently isolated from the 
original throat washing of the latter 
patient. In the second week of April, a 
patient with clinical influenza yielded 
from his throat washing a strain of virus 
resembling the influenza A prime strains 
that have been observed since 1947; 
this patient’s serums showed a rise in 
titer of antibody characteristic of in- 
fluenza A _ infection. The possibility 
that the earlier isolations represented 
laboratory contaminants, as suggested 
by Andrewes and his coworkers,*-" 
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was considered, and the identification of 
those strains as very similar to the 
laboratory PR8 strain seemed consistent 
with that possibility. The experiences 
with the isolation and classification of 
the strains of influenza virus during the 
winter of 1949-50 and studies of the 
serologic response of patients observed 
at that time are reported in this paper. 


Patients studied.—Specimens of lungs from 2 
patients with acutely fatal hemorrhagic pneu- 
monia were submitted to this laboratory for viral 
isolation, one on December 15, 1949 from the 
Children's Medical Center and the other in mid- 
January from an autopsy done at this hospital. 
These lungs and throat washings obtained from 
23 other patients during the acute febrile stage of 
illnesses resembling clinical influenza between 
December 26 and May 24 were available for this 
study. Acute and convalescent phase serums 
were also available from these 23 patients and 
from 9 additional patients; the acute phase ser- 
ums from 2 of the latter were obtained in mid- 
November 1949 and the rest in January 1950. 
The patients from whom throat washings were 
obtained included 5 members of the staff of this 
laboratory and the wife of a sixth, and also 3 
interns at this hospital and the wife of one of 
them; the others were adult patients admitted 
to the medical wards. The 5 members of the lab- 
oratory staff all collected and stored throat wash- 
ings from various patients, but only one of them 
was concerned with the actual isolations of 
viruses; 2 others, however, were engaged in dif- 
ferent studies with the PR8 strain at the same 
time. 

Methods and materials.—The methods used in 
the isolation of influenza viruses, the in vitro 
serologic tests, the preparation of rabbit anti- 
serums and the egg neutralization tests were 
similar to those employed in previous studies in 
this laboratory.“ As in those studies, the anti- 
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genic comparisons of the strains were done with 
rabbit antiserums by complete cross-neutraliza- 
tion tests in embryonated eggs. All antibody 
titers are expressed as the reciprocal of the initial 
dilution of serum. Antigenic ratios were computed 
from the results of the cross-neutralization tests 
using the formula R= 4/r,Xf, as recommended 
by Chu, Andrewes and Gledhill® and by Hille- 
man and Horsfall.” In this formula r, and r, repre- 
sent the heterologous titer divided by the homol- 
ogous titer for viruses 1 and 2, respectively. For 
convenience, the ratios are expressed as percent, 
i.e., as R100, 


RESULTS 


Isolations of virus.—The results of all 
the attempts to isolate influenza viruses 
from the lungs and throat washings are 
shown in table 1. Results were con- 
sidered negative for influenza virus 
when neither amniotic nor allantoic 
fluids of any inoculated eggs agglu- 
tinated chicken erythrocytes after 2 or 
more amniotic passages, using 6 or 8 
eggs for each passage. Negative results 
were obtained on 2 to 4 amniotic pass- 
ages of each of the 3 specimens of 
pneumonic lung from the 2 fatal cases, 
and on 2 or 3 amniotic passages of the 
throat washings of 15 other patients; in 
4 of these 15 patients similarly negative 
results were obtained with the same 
washings in a subsequent attempt. The 
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TapLe 1.—Results of attempts to isolate 
influenza viruses from materials 
obtained in Boston, December 1949 
through May 1950. 


Throat washing* 





—— Patient's 
Patient Date First egg serologic 
atueaand inocula- Result response} 
tion 
Alj71 Dec. 15 Dec. 16 Amy-Neg. — 
A4TR Jan. 18 Jan, 19 AmeNeg. -~ 
A4TL lan. 18 Jan. 19 AmypNeg, — 
MF Dec. 26 Dec. 30 Ams-Neg. oO 
vo Dee, 27 Dec. 27 Ame Neg. oO 
CW Jan. 16 Jan. 30 AmpNeg. 0 
TH a 17 Feb. 10 AmpNeg. Oo 
RW feb. 28 Mar. 3 Ami-Pos, A A? 
Mar.14 Al-Pos. A 
MA Feb. 28 Mar. 3 Am,-Pos. A A? 
Mar.14 Al»Neg. 
{une 'S4 Am,-Pos, A 
JA Mar, 1 ar. 3 Am-Pos. A A? 
Mar, 14 Aly Neg. 
DP Mar. 7 Mar.10 Amy-Pos. A Oo 
OB Mar. 9 Mar.10 Am;,-Pos. A A? 
1K Mar.10 Mar.11 Am )-Pos. A Oo 
Vz Mar.11 Mar.14 Am»-Pos. A B 
June '54 Amy-Pos. B 
Mar. 12 Oct.'50 Am,-Pos. A 
June 54 AmeNeg. 
MJ Mar.i13 Mar.14 AmsNeg. Oo 
{uly 7 AmeNeg. 
MB Mar. 18 ar.24 AmyzNeg. Oo 
Apr. 10 AmeNeg. 
EK Mar, 18 ar.24 AmyNeg. 8] 
Apr. 10 Amp-Neg. 
vs Mar.22 Apr. 1 Amr Neg. A 
Oct. § Amy Neg. 
AD Mar.26 Apr. 1 AmyeNeg. 0 
AO Mar.27 Apr. 1 Amy-Neg. oO 
B Apr. 4 Apr. 24 AmeNeg 0 
D Apr. 9 Apr. 24 Am+e-Neg 
JIM Apr. 13 Apr. 24 Am-Pos. A A 
ES Apr. 24 tly 7 AmeNeg B 
MM May 24 ay 24 AmsNeg. oO 
AJ May 24 May 24 Am-Neg. Oo 





* A171 and A47 (R&L) are lungs from patients who died 
with hemorrhagic pneumonia at the Children’s Hospital 
gad at this hospital, respectively (R —right lung, L =left 
ung). 

+t Neg. «negative; Pos. «positive for influenza A or B 
virus. Amz =amniotic passage, z times; Al, =allantoic pas- 
sage, vy times. The last negative and first positive passages 
only are indicated. 

tA or B fourfold or greater increase in titer with at 
least one strain of influenza A or B, respectively; ? «of 
doubtful significance. Details are given in text and tables. 
O =no significant rise in titer in any of the tests or with any 
of the viruses; =not done, 


washings from the 5 members of the 
staff of this laboratory and from the 
wife of one of them all yielded negative 
results. 

Influenza viruses were isolated from 
8 patients; in each instance the presence 
of virus was demonstrated on the first 
attempt following the initial amniotic 
inoculation. Two of the positive throat 
washings were from ‘‘medical” interns 
(MA and JM); one was from the wife 
of one of these interns (JA), a fourth 
was obtained from a member of the 
surgical house staff (RW) and the re- 


maining 4 strains were from ward pa- 
tients. All subsequent egg passages of 
these strains were made allantoically 
and the allantoic fluids of the 15th or 
16th such passage of each of these orig- 
inal isolations was used for the prep- 
paration of rabbit antiserums for the 
egg neutralization tests in the antigenic 
comparisons. 

The viruses were demonstrated in 
both amniotic and allantoic fluids after 
the original amniotic inoculations in 6 
instances, but the first allantoic fluid 
failed to show the presence of virus in 
the other 2 (from patients RW and JM), 
although subsequent allantoic passage 
of the amniotic fluid yielded virus in 
high titer in every instance. The hemag- 
glutination of chicken cells by the allan- 
toic fluid of the first allantoic passage of 
each of these 8 strains was inhibited by 
anti-PR8 rabbit serum but not by anti- 
Lee serum. 

When acute and convalescent serums 
of the first 3 patients who yielded in- 
fluenza viruses were tested for anti- 
hemagglutinins with standard strains of 
influenza A and B viruses, all failed to 
show any rises in titer. Since the egg 
passages of the throat washings of these 
3 patients were all started on the same 
day, the possibility of laboratory con- 
tamination was considered. Since the 
laboratory strains were already adapted 
to allantoic passage, the original wash- 
ings from these 3 patients (RW, MA 
and JA) were inoculated allantoically. 
The allantoic fluid of the first such 
allantoic passage failed to show any 
hemagglutination in each instance, but 
that of the second allantoic passage of 
one of them (RW) did show hemagglu- 
tination and this was inhibited by anti- 
PR8 rabbit serum. The washings of 
the other 2 patients failed to yield evi- 
dence of virus after 3 successive allan- 
toic passages. Amniotic inoculation of 
some of the same throat washing from 
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TABLE 2.—Results of serologic tests with acute and convalescent serums of patients JM and Fs. 





Patient JM 
Virus -—— — — — - 
HI CF EN 

PRS 8/128 8/512 
FMi 32/256 4/128 
JM 16/128 4/128 <4/4 
RW 8/128 <4/25 

c —/64 
Weiss - <4/64 
Fz1 
Fz2 /16 
Lee 8/4 4/4 
Bon 8/8 


Titers are expressed as rex — als of initial serum dilution; acute /convalescent. — 
xation; EN egg neutralization. 


inhibition; CF =complement 


one of the latter patients (MA) done 4 
years later yielded a hemagglutinating 
agent in the first amniotic fluid and this 
was identified as influenza A in the al- 
lantoic fluid after 3 additional allantoic 
passages; this virus was also neutralized 
in ovo by antiserum prepared against 
the virus originally isolated from the 
same washing. 

Further noted 
when the acute and convalescent serums 
of the remaining 5 patients whose throat 
washings yielded influenza A viruses 
were tested for antihemagglutinins with 
the stock strains PR8, FM1, Lee and 
Bon. Three of these patients failed to 
show a rise in titer of their serums to 
any of these strains, one (JM) showed a 
marked rise in titer to both PR8 and 
FM1 but not to Lee and the serums of 
the remaining patient (Fz) showed a 
substantial rise in titer to both Lee and 
Bon but not with PR8 or FM1. In the 
case of Fz, throat washings that had 
been obtained on successive days were 
available. When, several months later, 
the second washing was inoculated into 
eggs, it too yielded influenza A virus. 
Four years later both throat washings 
were again used (on separate occasions 
10 days apart) in further attempts, and 
this time the first washing yielded a 
virus that resembled influenza B and 
the second washing failed to yield virus 
on 2 amniotic passages. 

Results of serologic tests in patients. 


inconsistencies were 


Patient Fz 


HI CF EN 
16/16 8/4 
64 64 4/4 
<4/4 
<4/<4 
16/8 
44 
16/8 4/4 
<4/32 
8/32 4/64 <4/40 
<4/64 8/64 <4/51 


=not done. HI = hemagglutination- 


The acute and convalescent serums of 
the 8 patients from whom viruses were 
isolated were subjected to numerous 
serologic tests with ‘‘standard”’ influenza 
A and B viruses and with the strains 
isolated from some of these patients. 
Serums of the remaining patients from 
whom viruses could not be isolated and 
from those of other patients from whom 
throat washings were not obtained were 
tested only for agglutination-inhibition 
with the PR8& and FM1 strains of 
influenza A, the Lee strain of influenza 
B and with the strain isolated from one 
of the patients (OB). All the results 
obtained with the serums of the 2 pa- 
tients JM and Fz are shown in table 
2, and all other results that might 
be considered positive in the remaining 
patients are shown in table 3. 

From table 2 it is seen that the 
tests done on the serums of JM with any 
of the influenza A viruses, including the 
patient's own strain and one isolated 
from another patient, all showed sub- 
stantial increases in titer, but no such 
rises in titer were demonstrated in these 
serums with any of the influenza B 
strains.* The serums of Fz, on the other 
hand, yielded significant increases in 
titer only with influenza B strains, in- 
cluding the patient's own strain Fz 2, 

* Unfortunately, some of these results are 
incomplete because the supply of acute phase 
serum had already been exhausted when some of 
these tests were done, 
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TABLE 3.—Summary of positive serologic tests with influenza viruses in acute and 
convalescent serums of patients other than JM and Fz. 




















Positive result 
Tests done with acute and convalescent 
Patient acute n> Eeenem — 
serum Virus Test* Result? serums of these patients 
JA Mar. 1 JM HI <4/8 HI with PR&, FM1i, Lee, Bon, JM, JA, MA, 
MA Mar. 1 JA HI 32/128 OB, ih < RW and homologous 
kW Feb. 28 JM HI 4/16 CF with PR8, FM1, Lee, Bon and homologous. 
OB Mar. 9 OB CF <4/8 EN with RW. Weiss, Lee, JM and homologous. 
MD Nov. 14 FM! HI 4/32 | 
vst Mar. 21 PRS HI 8/32 } HI only—with PRS, FM1, Lee and OB. 
ES Apr. 27 Lee HI 16/64 | 


* HI —hemagglutination-inhibition; CF «complement fixations. EN = 


peieetioation. 
+ Titers expressed as reciprocal of initial dilution of serum (acute /con 


Influenza 


MD and those of VS and ES yielded 


viruses were isolated from the throat washings in the first 4 pan a throat washings were not available in 
negative results (see table one). 


t Titers obtained in thie patient's serums by HI with FM1 were 64/128. 


but not with any of the influenza A 
strains, including Fz 1, the first strain 
that was isolated from the same throat 
washing of this patient. 

From table three it is seen that the 
results in nearly all of the remaining 
patients could not be considered as 
unequivocally indicating influenza viral 
infections. In only one patient, MD, 
was more than a 4-fold rise in titer 
against any strain demonstrated; in this 
patient, who was ill in mid-November, 
there was an 8-fold rise in titer of anti- 
hemagglutinins for FM1, but no rise 
in titer against PR8, This may represent 
a specific response to infection with a 
strain of influenza virus resembling 
FM1 but distinct from PR8. Fourfold 
rises in titer of antihemagglutinins for 
standard strains were also demonstrated 
in the serums of 2 other patients, in 
one with PR8, suggesting an influenza 
A infection, and the other with the Lee 
strain, suggesting an influenza B infec- 
tion. In these 2 patients throat wash- 
ings obtained at the time of the acute 
phase serum failed to yield any in- 
fluenza virus. 

The results obtained in the 4 pa- 
tients (JA, MA, RW and OB) from 
whose throat washings influenza viruses 
were isolated can be considered positive 
only in that they represent 4-fold rises 
in titer, but they are probably not 
significant. In each instance the ‘‘posi- 








tive’ result was obtained in a single 
test with one of the strains isolated dur- 
ing the same season, but other tests 
with the same and other strains yielded 
no such rises in titer. In the other 2 
patients (JK and DP) from whom 
viruses were isolated, no increases in 
titer were demonstrated in any of these 
tests. It is also interesting to note that 
no positive serologic results were ob- 
tained in any of the laboratory staff. 
Antigenic comparison of influenza A 
strains.—Complete cross-neutralization 
tests in embryonated eggs were carried 
out with the following viruses and their 
antiserums: (a) the first strains obtained 
from the throat washings of the 8 pa- 
tients studied in 1950, (b) 2 strains 
isolated in this hospital in 1947 and 
1949% and (c) the 3 ‘‘standard”’ strains 
PR8, Weiss and FM1. Allantoic fluids 
of the 16th to 18th egg passage were 
used in the case of the strains isolated 
in this laboratory, and the standard 
strains had received varying numbers of 
allantoic passages after they were re- 
ceived. All the rabbit antiserums were 
tested simultaneously with a single virus 
and the number of infective doses (I Dse) 
of the inoculum was determined at the 
same time. The results are shown in the 


upper part of table 4. Antigenic 


ratios calculated from these results and 
expressed in percent are shown in the 
lower part of the same table. 
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TABLE 5.—TIdentification of 5 strains of 
influenza virus isolated in 1950 by 
hemagglutination-inhibition with 
chicken antiserums 





Strain of virus 











Chicken ————_—_—_—_—__-— San 
antiserum Homo- 
logous MAI MA2 JM Fai Fz2 
PRS $12 >1024 >1024 <4 SI2 <4 
Cuppett-50 128 <4 <4 S12 <4 <4 
Lee 128 <4 <4 <4 <4 <4 
1B1.50 s <4 <4 <4 <4 16 
Neb. A-53 16 <4 <4 <4 <4 <4 
Titers expressed as reciprocals of initial dilution of serum. 


Strains MAi and MA2 were isolated from the same wash- 
ing on March 3, 1950 and in June 1954, respectively. Fzi 
and Fz2 were isolated from the washing collected March 11 
and inoculated March 14, 1950 and June 1954, respectivel 
(see table one). The chicken antiserums and the « — ent 
ing viruses were supplied by Dr. M. M. Sigel. 


From table 4 it is seen that, with 
the exception of JM, all of the 1950 
strains included in this experiment 
closely resemble PR8 and differ sharply 
from JM and from the other A strains. 
Strain JM, in turn, resembles most 
closely the strain Coop that was isolated 
here in 1949 and is clearly different from 
the other strains, although showing 
some relationship to EB, isolated here 
in 1947, and to FM1 that was isolated 
elsewhere in the same year. The dis- 
tinctive antigenic characters of strains 
Coop, EB and DW, and their rela- 
tionship to FM1 were previously 
demonstrated” and are here confirmed. 

Identification of strains by use of 
chicken antiserums.—After this study 
was completed a small supply of chicken 
antiserums against 5 characteristic 
strains was received. They were pre- 
pared for the World Influenza Prograin 
by Dr. M. M. Sigel. Agglutination- 
inhibition tests were carried out with 
these antiserums and 5 of the strains 
isolated here in 1950; 2 of these were 
separate isolations from the same wash- 
ings of patient MA, 2 were the separate 
isolations from the first throat washing 
of patient Fz and the fifth was strain 
JM. The results are shown in table five, 
and the titers obtained with the homol- 
ogous strains tested at the same time 








are also included in this table. These 
results may be interpreted as indicating 
that both of the MA strains and the 
first strain isolated from Fz were similar 
to PR8; the strain obtained from JM 
was similar to Cuppett, and the second 
strain isolated from the first throat 
washing of Fz was similar to 1B1/50. 
The Cuppett strain was isolated at 
Fort Warren and is related to the so- 
called A prime strains of influenza virus 
that have been isolated in 1947 and 
thereafter ;’ 1B1/50 was isolated in New 
York and is a B strain that is antigeni- 
cally distinct from Lee* but related to 
other B strains that have been isolated 
since 1947.7 


DISCUSSION 


The importance of considering as con- 
taminants certain strains of influenza 
virus that are isolated in laboratores 
where work with influenza viruses is 
being carried out was first emphasized 
by Andrewes and his coworkers in 
1944.°!° They recovered 2 strains of 
virus in 1943 which were identical with 
the stock laboratory strain PR8& and 
found them to be mouse virulent, 
whereas the strains they had recently 
isolated in eggs were not. One of these 
strains was isolated after no work had 
been done in the laboratory for 17 
days.*® They also described 14 incidents 
in 10 laboratories in which they sus- 
pected laboratory ‘pick-ups’ of in- 
fluenza viruses. Most of the suspected 
strains resembled the WS strain (iso- 
lated in England in 1933), which was 
then the most widely used strain in 
European laboratories.’ More recently 
the PR8 strain has been most uni- 
versally used. A few strains resembling 
PR8 were submitted to the World In- 
fluenza Center during 1950-51; these 
were also suspected of being laboratory 
pick-ups and the PR8 and WS-type 
strains are considered by the workers at 











that center to have disappeared com- 
pletely."' Certain criteria were offered 
for differentiating the laboratory 
strains.'®"' Other suspected laboratory 
pick-ups of strains of influenza virus 
were noted by Magill and Jotz.’ 

The detection of laboratory contami- 
nation with influenza virus and de- 
termination of the manner in which it 
occurs is difficult. The PR8 strain used 
in this laboratory at the time of the 
present study was well adapted to eggs. 
It was first considered that the failure 
to detect virus on the first allantoic 
inoculation in 3 of the suspected throac 
washings and on 3 successive allantoic 
passages in 2 of them, consituted evi- 
dence against the 3 influenza A strains 
originally isolated from these washings 
being laboratory contaminants. How- 
ever, most of the evidence, particularly 
the failure to demonstrate a rise in in- 
fluenza A antibodies in 7 of the patients 
and the subsequent isolation and iden- 
tification of an influenza B virus from 
one of these same washings, the latter 
corresponding to the rise in influenza B 
antibody titer, must be taken as more 
evidence that the PR8-like strains were 
indeed contaminants. Some, but not 
all, of the contamination probably oc- 
curred during the collection and storage 
of the throat washings. It is interesting, 
therefore, that none of the PR8-like 
strains were isolated from any of the 
laboratory workers and that none of 
these workers developed antibodies to 
influenza A or B. 

The total experience in this labora- 
tory during the winter of 1949-50 sug- 
gests that most of the acute respiratory 
infections suspected of being clinical 
influenza during that season were prob- 
ably not due to any of the recognized 
strains of influenza virus. On the other 
hand, a single strain of influenza A virus 
was isolated which most closely resem- 
bles another strain, Coop, isolated in 
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this laboratory in 1949 and also reacts 
with chicken antiserum against a 1950 
strain of influenza A but not with similar 
chicken serums prepared against PR8 
or a 1953 strain of influenza A. In addi- 
tion, a strain of influenza B was iso- 
lated which resembles another B strain 
isolated elsewhere during the same year, 
but differing from the Lee strain. The 
patients from whom these 2 strains 
were obtained each developed an in- 
crease in antibodies to influenza viruses 
of the homologous type. 

The antigenic comparison of strain 
JM and the other strains of influenza 
A viruses, including those isolated in 
this laboratory in 1947 and 1949, also 
confirm the findings of other workers 
that there have been 
changes in the antigenic pattern of in- 


progressive 


fluenza A viruses isolated in successive 
years ;!:?,7.18,15,16,18.19 similar changes have 
also been noted in strains of influenza B 
viruses here“ and 
where.'* 5-720 However, it has generally 
not been possible to differentiate strains 
within the influenza A group or within 
the influenza B group by the use of 
convalescent serums of adult patients, 
although that has sometimes been pos- 
sible in the convalescent serums of 
children ;"?'-* unfortunately, studies 
were not made in children during this 
season. 


isolated else- 
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SUMMARY AND CONCLUSIONS 


The experiences with the isolation of 
influenza viruses and serologic tests for 
influenza viral antibodies in patients 
suspected of having clinical influenza 
during the winter of 1949-50 have been 
presented. Several strains of influenza A 
virus were isolated from throat wash- 
ings of patients; all but one of them 
were shown to be antigenically similar 


human beings: differentiation of specific and 
nonspecific type reactions. Australian J. 
Exper. Biol. & M. Sc. 24: 207-211. 

22. Dudgeon, J. A., Stuart-Harris, C. H., Glover, 
R. E., Andrewes, C. H. and Bradley, W. H. 
1946, Influenza B in 1945-46. Lancet, 2: 623- 
631. 

23. Finland, M., Barnes, M. W., Meads, M., 
Ory, E. M. and Rubenstein, A. D. 1947, 
Influenza B in Needham, Massachusetts, 
December, 1945. Serologic studies in cases 
and in family contracts. J. lah & Clin. Med. 
32: 367-378. 


to PR8 and were obtained from pa- 
tients whose serums failed to demon- 
strate significant increases in antibodies 
to any of the standard influenza A 
strains or to their own strains. These 
strains were, therefore, considered to be 
laboratory contaminants. 

One strain of influenza A and one of 
influenza B virus were obtained from 
patients whose serums showed consid- 
erable increases in titer to all strains of 
the homologous type with which they 
were tested, but not to strains of the 
heterologous type. Studies of these 
strains confirmed the observations of 
other workers on the changing antigenic 
pattern of influenza viruses, 

The findings in other patients in- 
dicated that the great majority of the 
acute respiratory infections considered 
to be clinical influenza in this vicinity 
in 1949-50 were probably not infections 
with the usual influenza A or B viruses. 








THE FATAL ENTERIC CHOLERA INFECTION IN THE GUINEA PIG, 
ACHIEVED BY INHIBITION OF NORMAL ENTERIC FLORA 


ROLF FRETER* 
From the Department of Microbiology, The University of Chicago, Chicago 37, Illinois 


The mechanism by which Vibrio 
cholerae, as well as other enteric patho- 
gens, produce the symptom complex of 
diarrhea is poorly understood. Burrows, 
Wagner and Mather (1944) demon- 
strated that vibrio endotoxin increases 
the diffusion of fluid through living sem- 
ipermeable membranes. Later, Burnet 
and Stone (1947) found that vibrio 
mucinase desquamates guinea pig in- 
testine in vitro, and the possible role 
of this enzyme in the pathogenicity of 
cholera has also been discussed (Jensen, 
1953; Raffel, 1953). Intensive studies 
have been done by others on the phar- 
macological action of bacterial endo- 
toxins (literature summarized lately by 
Burrows, 1951). All these workers, how- 
ever, used the parenteral injection of 
endotoxin preparation into animals. 
Their results are for this reason only 
partly applicable to conditions in the 
actual diseases, especially cholera, where 
endotoxin is liberated mainly into the 
lumen of the bowel. The relative sever- 
ity and the time of onset of the different 
symptoms observed after parenteral 
doses of endotoxin will presumably be 
different when the endotoxin is resorbed 
from the intestine. It has, therefore, 
not been established yet whether the 
symptoms observed in human cholera 
are due to direct or central action of 
endotoxin (De, Sarkar and Tribedi, 
1951) or whether they are caused merely 
by the extreme dehydration from diar- 
rhea. The latter interpretation is 
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strongly supported by the good thera- 
peutic effects of salt solutions. 

These and related problems have re- 
mained largely unsolved because of the 
lack of an experimental animal in which 
an enteric infection, simulating the hu- 
man disease, could be regularly pro- 
duced. V. cholerae is the only organism 
for which successful enteric animal in- 
fections have been reported: Nicati and 
Rietsch (1885) produced a fatal disease 
in rabbits by injecting live vibrios di- 
rectly into the duodenum. Later, Koch 
(1885) pointed out that the fatality of 
this experimental disease depended on 
the amount of trauma inflicted by the 
operation. Koch reported successful en- 
teric infection of guinea pigs by feeding 
vibrio cultures together with sodium 
carbonate and simultaneous inhibition 
of intestinal motility with opium tinc- 
ture. Burrows, Elliot and Havens (1947) 
however, were unable to obtain consist- 
ent results with this method, 
though a symptomless 


even 
infection of 


guinea pigs could be achieved regularly. 
Their results were confirmed in the pres- 


ent studies. Even massive doses (30 
mg) of young, live cholera vibrios in- 
jected in buffered alkaline suspensions 
directly into different parts of guinea 
pig intestine failed to produce any signs 
of disease. Metchnikoff (1894) was able 
to infect suckling rabbits with cholera. 
Sanarelli (1921) confirmed these results 
but was unable to infect older rabbits. 
Cantacuzene and Marie (1914) reported 
successful infection after irritating the 
intestine of guinea pigs with podophyl- 
lin, given orally or intraperitoneally 
Their results could not be reproduced 
in this laboratory. The dosage of podo- 
phyllin given by these authors proved 
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to be toxic, while lesser amounts did 
not result in infection. Nasta (1914) 
was able to produce enteric cholera in- 
fection in guinea pigs by irritating the 
bowel with antiserums to intestinal 
mucosa. His results could not be re- 
produced in this laboratory. 

The study described here is concerned 
with the production of an enteric infec- 
tion in the guinea pig following intra- 
gastric administration of V. cholerae 
that is made possible by the use of 
streptomycin for the elimination of 
normal intestinal flora (Freter, 1954a), 
and with the immunity demonstrable 
against this kind of infection. 


A. THE METHOD OF INFECTION 


The sudden change in susceptibility 
to enteric cholera infection of rabbits 
after weaning can be taken as an indi- 
cation that either the kind of diet or the 
composition of the normal flora, which 
is presumably related to it, might be an 
important factor in determining the re- 
sistance of an animal. The inconsistency 
of results in Koch's method might be 
explained on the same basis. 

Starting from this hypothesis, it was 
found that guinea pigs could be infected 
regularly after the normal flora had 
been reduced by starvation and inhib- 
ited by administration of streptomycin. 
The infecting agent was a streptomycin- 
resistant cholera vibrio. This strain 
(C-11) had been isolated in early 1953 
in Caleutta from a nonfatal case of 
cholera. Streptomycin resistance had 
been induced by four passages on gradi- 
ent plates of veal infusion agar with in- 
creasing amounts (50 ug/ml to 4 mg/ml) 
of steptomycin in the lower layer. The 
strain was originally sensitive to 50 
pe/ml of streptomycin; the resistant 
variant tolerated concentrations to 200 
mg/ml of streptomycin. 

After a number of preliminary ex- 
periments, the following procedure for 


infection has been adopted and used in 
all experiments described hereafter. It 
consists of four steps: 

(1) The animals were starved for 4 
days but water was given ad libidum 
throughout the experiment. It may be 
emphasized, in this connection, that 
guinea pigs are little affected by star- 
vation. Animals of 350 to 500 ¢ in 
weight, which were used in these experi- 
ments, did not show any signs of weak- 
ness after being without food for as long 
as 8 days. 

(2) The second step in the procedure 
was the administration of 250 mg CaCO; 
suspended in 10 ml of distilled water by 
stomach tube. 

(3) Three hours later the strepto- 
mycin-resistant vibrios were given, also 
by stomach tube, in 15 ml of veal in- 
fusion broth (previously diluted with 
distilled water to half strength), to- 
gether with 250 mg NaHCO, and 5 mg 
streptomycin sulfate. The vibrios were 
taken from 16-hour-old veal infusion 
agar (containing 2 mg/ml streptomy- 
cin) cultures grown at 37 C. Bacterial 
counts of the inoculum were made by 
dilution in veal infusion agar, contain- 
ing 2 mg/ml streptomycin. 

(4) One-half hour later, 8 mg mor- 
phine sulfate were given intraperitone- 
ally to reduce intestinal motility. 

Some animals showed signs of dis- 
ease by 12 hours after infection. With 
small infecting doses, the onset of symp- 
toms may be delayed up to 48 hours. 
The animals became listless, and grad- 
ually paralysis of the hind legs, hypo- 
thermia and tremor developed. Death 
occurred within 18 to 48 hours. The 
cecum, and often the entire bowel, was 
found to be filled with 50 to 60 ml of 
fluid, containing V. cholerae in practi- 
cally pure culture. This infection was 
strictly limited to the lumen of the 
bowel, and heart blood and spleen cul- 
tures were sterile. Control animals did 
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not show any free liquid in the bowel, 
the 25 ml given during the infection pro- 
cedure being completely absorbed with- 
in a few hours. Normal diet was fed to 
surviving animals 36 hours after infec- 
tion. 

This infection resembled the human 
infection in three ways: (1) It was local- 
ized in the bowel; (2) it was frequently 
fatal; and (3) large amounts of fluid 
penetrated into the lumen of the bowel. 
The main difference between human 
and experimental infection lay in the 
necessity for inhibiting the normal flora 
and intestinal motility of the guinea 
pigs. In this respect it might be worth- 
while to consider the possibility of in- 
hibitory action on the part of the nor- 
mal human enteric flora as a factor in 
the resistance of humans to enteric dis- 
eases. This theory has—to the knowl- 
edge of the author—first been discussed 
by Nissle (1916). Following this line of 
thought, the virulence of an enteric 
pathogen would depend to an appreci- 
able degree upon its ability to overgrow 
the normal flora of the host. Conse- 
quently, the experimental guinea pig 
infection with V. cholerae would re- 
semble human cholera from the moment 
when the vibrios have established them- 
selves in the intestine. Future investiga- 
tions using experimental guinea pig in- 
fections with mixed cultures might 
bring more light to this problem. 

The action of morphine in promoting 
the experimental guinea pig infection 
has been assumed to be that of reducing 
intestinal motility; however, this has 
not been investigated experimentally 
so far and other possible mechanisms, 
like reduction of intestinal secretions, 
cannot be excluded. Two pen-bred 
strains of guinea pigs from a local dealer 
have been tested for susceptibility to 
cholera infection. In a simultaneous ex- 
periment, involving 15 guinea pigs of 
each strain, the LDso was found to be 








about 1000 million vibrios for one strain 
and approximately 100,000 vibrios for 
the other. This difference in susceptibil- 
ity might be due to a different composi- 
tion of normal flora in the two strains. 
It seems more likely, however, that an- 
tagonism of the normal flora, which is 
largely eliminated in this method of in- 
fection, is not the only factor responsible 
for the resistance of laboratory animals 
to enteric infection. This question has 
not been further investigated. 


B. PROTECTION OF ANIMALS 
BY IMMUNIZATION 

The respective roles of endotoxin and 
mucinase in experimental cholera have 
been investigated by challenging guinea 
pigs which had been actively immunized 
with these agents. The experiments 
were conducted as follows: 

Groups of 60 to 80 guinea pigs which 
had been received in one shipment, and 
were presumably of comparable sus- 
ceptibility, were divided into two groups 
of equal individual weight, i.e., for each 
animal of weight X in one group there 
was an animal of the same weight in the 
other group (except in experiment #2, 
table 1). One group served as normal 
controls, while the other animals were 
immunized by the intraperitoneal in- 
oculation of boiled vibrios or vibrio mu- 
cinase preparations at 5-day intervals. 
The number of injections given is indi- 
cated for each experiment in table 1, 
The preparations used for immuniza- 
tion were: Boiled vibrios——The same 
streptomycin-resistant strain as used 
for infection was grown on veal infusion 
agar containing 2 mg/ml streptomycin 
for 18 hours at 37 C. The vibrios were 
suspended in saline and steamed with- 
out pressure for 2 hours. The suspension 
was diluted to contain 6 mg/ml dry 
weight of vibrios. One-half ml of this 
suspension was given in each injection. 
Mucinase.—The streptomycin-resistant 
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TABLE 1.—Infection of immunized animals. 





Weight of apes 

animals 

after ene = Number of vibrios given on infection, and death of animals§ 
—— injec- 


Exp 
no 
(1938) 
tions 

4.62K10° 231 K10° 11.5108 577K10® 26K10 1440 

Normal controls 1/3 0/4 0/3 0/4 0/4 

Boiled vibrios 4/6 0/5 0/6 0/5 
36X10 «61.8 K10" DOKIO 4.5K10* 225 KI 

Normal controls 6/6 5/7 6/7 3/6 4/7 

Boiled vibrios 3/5 2/4 2/6 1/5 2/4 


1 270-380* 
1.55 K10" 


11,250 

2 230-3307 2/7 1.0xK108 

221 x10" 
339 X10" 16.8 K10 B40K10® 42 K10" 2100 

Normal controls 2/4 8/8 4/4 3/4 1/5 

Mucinase 6 3/5 3/6 2/5 0/7 


3 270-400 26 X10 


16.8 K10 


~ - 


Normal controls 0 6/6 5 
Mucinase 4 4/4 3/5 3/5 3/6 


7.2K10 360X110 1810" 900 x10" 
4 240-3505 7 5/6 4/7 426 K10 


6.610 





* It was noted that the animals in the normal control group had gained weight much faster than the immunized animals. 
At the time of infection, a number of controls had to be discarded because their weight was no longer comparable to that 
of the immunized group. 

+ For the above reason (*), the animale in the immunized group had been selected such that their average weight was 
30g higher than that of the normal group. At the time of infection the average weight of the control group was slightly 


higher than that of the immunized group. 


Animals immunized with mucinase gained weight as fast as the normal guinea pigs. The immunized and control groups 


ary’ therefore, of equal weight at all times. 


4/6.—Four animals out of a group of six died of enteric cholera infection. 


strain was grown on thionin glycerol 
agar (Husain, 1955) for 16 hrs. The agar 
was then mixed with distilled water, 
emulsified in a blendor and centrifuged 
to give a clear supernate of high mu- 
cinase activity which was lyophilized. 
The mucinase titer was determined with 
ovomucin as described elsewhere (Jen- 
sen, 1953; Freter, 1955a). Increasing 
amounts (0.5 to 2 ml) of this prepara- 
tion, reconstituted with distilled water 
containing 0.01% merthiolate to a mu- 
cinase titer of 1:128, were injected for 
immunization. 

The immunized animals were starved 
3 days after the last injection and in- 
fected 4 days later (7 days after the last 
injection). The control group of each 
experiment was starved and infected 
concurrently. The results of four experi- 


ments are given in table 1. 

As can be seen from experiment 1, 
table 1, there is no detectable protec- 
tion in the group immunized wi'‘h boiled 
vibrios. This result might, however, be 
due to the fact that overwhelming doses 
had to be given to the relatively unsus- 
ceptible animals, thus masking any im- 
munity that might have been present. 
Experiment #2, was therefore, as all 
following experiments, carried out on 
the more susceptible breed of guinea 
pigs, mentioned above. The data of ex- 
periment #2 show a roughly 200-fold 
protection of the immunized group. 
Similar protection was found for the 
animals immunized with mucinase in 
experiments #3 and #4. The protection 
in experiment #4 is not as good as in 
experiment #3, a fact which might be 


TABLE 2.—A gglutinin titers of serums from immunized (boiled vibrios) and normal control animals. 


Serums from immunized guinea pigs 


Animal no. i 5 
Agglutinin ; ; 1:80 
titer 


4 5 
1:40 


Antigen 
control with 
anticholera 
O rabbit 
serum 


Serums from normal 
guinea pigs 
7 « é 9 10 1 
No agglutination in dilution 1:20 1:1600 
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TABLE 3.—A gglutinin titers and fractional mucinase inhibition of serums from 
immunized (mucinase) and normal guinea pigs. 





Antigen control 
Serums from immunized Serums from normal with cholera 


guinea pigs guinea pigs anti O rabbit 
serum 


Animal no. 1 2 5 4 


f 5 6 7 
Agglutinin 1:40 titer No agglutination in 1:20 No agglutination in 1:20 1:800 
Fractional inhibition of mucinase 1/8 1/16 1/8 1/16 i 1 1 


due to the fewer antigen injections (4 equal in both cases. Table 3 indicates 
instead of 6) given. further that the serums of all immunized 
Some surviving animals of normaland animals had an appreciable anti-mucin- 
control groups in experiment #2, which ase activity. It can be considered as es- 
on infection had received the two tablished (Jensen, 1953) that injection 
smallest amounts of vibrios (11,250 of boiled vibrios does not give rise to 
and 225,000), were bled from the heart mucinase antibodies in the serums of 
3 days after infection and the agglutinin immunized animals. For this reason, the 
titers of the serums were determined. mucinase titrations had been omitted 
Agglutinating antigen was the same as_ in experiment #2 (tables 1 and 2). 
immunizing antigen (table 2). In general, then, immunization with 
A similar test was carried out in ex- boiled vibrios or mucinase preparation 
periment #3. In this case the fractional gave demonstrable protection. In the 
inhibition of mucinase* by these sera Case of mucinase immunization, it can- 
was also tested. The mucinase was the not be decided whether this protection 
same as used for immunization (table 18 due to contamination of the mucinase 
3). used for immunization with other vibrio 
Table 3 shows that the agglutinating antigens or with other enzymes. The low 
antibody which had developed in the @gglutinin titer in protected animals 
animals during immunization with mu- Which had been immunized with muci- 
cinase preparation (which is presum- @8¢ (table 3) as compared to the agglu- 
ably contaminated with O antigen) is tinin titer of protected animals immun- 
appreciably less than in the case of im- nized with boiled vibrios (table 2) sug- 
munization with boiled vibrios (table Sts, however, that some factor other 
2). This is remarkable because the pro- ‘than agglutinating O-antigen in the 
tection against infection was at least mucinase preparations might give ef- 
fective protection. Conclusive results can 
y ii apparently be obtained only by passive 
Fractional mucinase titer in normal serum immunization experiments with ab- 
inhibition ~ mucinase titer in the tested serum sorbed serums. 
Example: The mucinase titer in 5% normal 
rabbit serum was 1:512. In 5% serum from ani- 
mal #1, it was 1:64. The value of fractional in- 


hibition given in table 3 for this serum is there- ANIMALS 
fore 


Cc, TESTS ON FLUID COLLECTED FROM 
THE INTESTINES OF INFECTED 


The significance of death of animals 
1:512 64 1 which had been infected with only 
1:64 512 8 small amounts of vibrios has been in- 


meaning the tested serum*depressed the mu- vestigated by making bacterial counts 
cinase activity to an eighth of its original value. of the liquid collected from their in- 
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TABLE 4.—— Number of living vibrios recovered from 


fluid in the bowel of animals which died of 
enteric cholera infection. 


Animals immunised 


oith macinese Normal control animals: 


Number of 
vibrios 
given on 
infection 


Number of 
vibrios 
given on 
infection: 


Number of 
vibrios 
recovered: 


Number of 
vibrios 
recovered : 
5460 KI 25 «10 336 KIO 4.410" 
536 KIO 15 «I10r 336 KI 1.2 «10° 
136 KO 1 KIO 16.8 K10* 12 «IO 
16.810 19.5 «10° 16.8 K10* x10" 
16.8 x10 7.5 «10° 0 OKI 3x10 
16.8xie 400 KIO Kio x10" 
16.8x1e JOO KIO «x10 x10 
ao KIO 6100 KIO xo x10" 
sO KI a KIO xioO8 


testines, The counts were made in veal 
infusion agar containing 2 mg/ml strep- 
tomycin. The number of vibrios re- 
covered has been calculated for the 
amount of liquid in the intestines. 
Table 4 gives the results of one deter- 
mination of this kind, carried out on ani- 
mals of experiment #3, described above 
(table 1). 

The data in table 4 indicate a consid- 
erable multiplication of vibrios in the 
intestine, especially in the case of small 
inoculums. No difference was found be- 
tween immunized and normal animals, 
that the disease is 
acquired, its severity is not influenced 
by immunization, even though there 
was protection against infection (table 
1, experiment #3). It may be noted in 
this connection that only animals which, 
after death, had considerable amounts 
(over 30 ml) of fluid in their intestines 
have been considered in the tables of 
this paper. A few animals which died 
without this symptom have been disre- 
garded. 


suggesting once 


The liquid collected from the intes- 
tines of infected animals of experiment 
#3, table 1, was also tested for mucinase 
activity. The mucinase titers ranged 
from 1:64 to 1:1024 and were found to 
be of the same order in fluids from both 
normal and immunized animals. This 
shows again, that immunization, though 


protective against infection, did not al- 
ter the course of the disease once it had 
been acquired. This conclusion is fur- 
ther supported by the fact that the time 
of death after infection was not different 
for normal animals or animals immu- 
nized with either mucinase or boiled 
vibrios. 

The mucinase activity in the intes- 
tinal fluid of infected animals was specif- 
ically inhibited by antiserums pre- 
pared in rabbits with vibrio mucinase, 
while normal rabbit serum had none or 
little effect. This shows that the mucin- 
ase activity is—at least to an appreci- 
able degree—of vibrio origin. 


D. THE EFFECT OF ORAL DOSES 
OF ENDOTOXIN 


As mentioned above, the question of 
whether or not endotoxin is responsible 
for the symptoms and death in cholera 
is still a matter of considerable specula- 
tion and little experimental evidence is 
available. Buergers (1910) was unable 
to kill guinea pigs by feeding very large 
amounts of heat-killed cholera vibrios. 
This result has been confirmed in this 
laboratory. It was also found here that 
mice were resistant to large oral doses 
oi endotoxin in the form of ‘acid solu- 
ble toxin’ (Freter, 1955b) 
killed vibrios. The natural resistance 
of these experimental animals to cholera 
infection prohibits, however, any infer- 
ence as to what may happen in man 
under similar conditions. This objection 
might be overcome with the present 
method of making guinea pigs suscep- 
tible to enteric cholera infection. 

Two experiments therefore, 
been carried out in which guinea pigs 
underwent the same procedures re- 
quired for enteric cholera infection, with 
the exception that heat killed vibrios or 
endotoxin preparations were given in- 
stead of living vibrios. 

(1) In the first experiment, 285 mg 


or heat- 


have, 














TABLE 5.—The effect of oral doses of endotoxin. 
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Amount of endotoxin given orally (in mg 1200 600 300 0 0 0 
dry weight of vibrios) 
Amount of endotoxin given intraperi 0 0 0 190 80 33 
tonealiy (in mg dry weight of vibrios) 
Deaths 0/5 o/4 0/4 44 44 4/4 
Symptoms Animals perfectly normal, sacrificed Marked hypothermia, paralysis of 


48 hours after injection. No fluid in 


intestines 


of heat-killed vibrios were fed to four 
guinea pigs. Two control animals which 
also had undergone the complete in- 
fection procedure, but had received no 
vibrios at all orally, were given 60 mg 
of the same heat-killed vibrios intra- 
peritoneally. The latter two animals 
died overnight. On autopsy, no liquid 
was found in their intestines. The four 
animals which had received oral doses 
of heat-killed vibrios were completely 
normal. One of these guinea pigs was 
sacrificed 24 hours after injection. No 
liquid was found in the intestines. The 
other three animals were killed 48 hours 
after injection and also had no liquid in 
their intestines. 

It may be emphasized, in this con- 
nection, that the dose of 285 mg dry 
weight of vibrios given orally in this ex- 
periment contains about as many vib- 
rios as can be expected to grow in a 
guinea pig of 300 to 400 g weight during 
the actual infection. One might object 
that the endotoxin in this experiment 
was contained within the vibrios and 
did not diffuse into the bowel, while in 
the case of intraperitoneal injection the 
environmental conditions at that site 
favored such a diffusion. The experi- 
ment was therefore repeated, using as 
mixture of 
(Freter, 1955b) 


endotoxin preparation a 


“acid soluble toxin” 
plus heat-killed vibrios. 

(2) The vibrios (same streptomycin- 
resistant strain as used for infections) 
were grown in aerated peptone water 
and collected in a Sharples centrifuge 
as described elsewhere. They were re- 


suspended in distilled water to 95 


No fluid in 


hind legs and tremor 
intestines 


mg/ml dry weight, adjusted with HCl 
to pH 3.8, incubated for 4 hours at 
37C, readjusted with NaOH to pH 7 
and steamed without pressure for 30 
minutes. 

The toxicity of this suspension was 
first tested on intraperitoneal injection 
in mice. The LDso was found to be 
0.0625 ml, corresponding to 5.94 mg dry 
weight of vibrios. A sample of this sus- 
pension was centrifuged and the super- 
nate tested similarly in mice. The LDsgo 
was less than 0.0625 ml, indicating that 
at least most of the toxicity was in solu- 
tion. The suspension proved to be ster- 
ile in tests on veal infusion agar plates. 

The suspension was then adminis- 
tered intraperitoneally to 
guinea pigs which had undergone the 
complete infection 


orally or 


procedure, except 
that living vibrios had been omitted. 
The results are given in table 5. These 
results that large doses of 
soluble endotoxin had no effect on ani- 


indicated 


mals which were susceptible to enteric 
cholera infection. The toxicity for mice 
of the vibrio suspension used was ad- 
mittedly rather low (LDs=5.94 mg). 
Nevertheless, the largest oral amount 
(1200 mg) given to guinea pigs was 36 
times the smallest which killed 
four out of four animals when given 
intraperitoneally. This dose of 1200 mg 


dose 


corresponded to 300 mg of a highly toxic 
vibrio (LDso for mice of around 1.5 mg 
dry weight) and contained, therefore, 
the maximal 


amount of endotoxin 


which could reasonably be expected to 
develop during the actual infection of a 
guinea pig. 
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The interpretation of these findings 
is rather difficult and several possibili- 
ties should be discussed : 

(1) The number of vibrios which de- 
velop during the actual infection of a 
guinea pig is much higher than as- 
sumed here. However, the bacterial 
counts on intestinal fluids of infected 
animals (table 4) do not favor such an 
argument. 

(2) The vibrios liberate another form 
of endotoxin during actual infection 
which unlike the toxin extracted in 
vitro at low acidity is resorbed from the 
guinea pig intestine. The in vitro ex- 
traction of two kinds of endotoxin 
(“acid soluble” and “acid insoluble’), 
described elsewhere (Freter, 1955b), 
favors this hypothesis. Furthermore, 
the symptoms exhibited by animals 
which had received intraperitoneal in- 
jections of endotoxin (hypothermia, 
paralysis of hind legs, tremor) are 
strikingly similar to those encountered 
with infected animals, which suggests a 
significant role of endotoxin in the ex- 
perimental disease. The accumulation 
of fluid in the intestine might then, in 
accordance with this hypothesis, be ex- 
plained as a side effect of the postu- 
late orm of endotoxin or as a result of 
action of another unrelated agent, pro- 
duced by the vibrios. 

(3) The vibrios produce another 
agent (mucinase?) which alters the per- 
meability of the bowel and thus permits 
the endotoxin to enter the circulation. 
The same agent might be responsible 
for the diffusion of fluid into the lumen 
of the intestine. This third hypothesis 
is favored by the constant occurrence of 
high titer mucinase in the intestinal 
fluids of infected animals. 

No decision in favor of any one of 
these hypotheses can as yet be made. 
However, further similar experiments 
using passive immunization or adminis- 
tration of enzyme preparations might 





well furnish sufficient evidence to defi- 
nitely describe the actual mechanism of 
the pathogenesis of the cholera vibrio. 


SUMMARY 


Starting from the hypothesis that 
antagonism of the normal bacterial 
flora might be a significant factor in the 
natural resistance of laboratory animals 
to enteric infections, a method of infect- 
ing guinea pigs with cholera has been 
developed in which the normal flora of 
the animals is inhibited by streptomy- 
cin. Infecting agent is a streptomycin- 
resistant vibrio strain. This experi- 
mental infection is fatal and limited to 
the bowel. Accumulation of fluid occurs 
in the intestines of infected animals. 

Two breeds of guinea pigs have been 
tested for their susceptibility. The 
LDso was around 100,000 vibrios for one 
breed while the other breed was much 
more resistant (LDso around 1 biliion 
vibrios). This was taken as an indica- 
tion that other mechanisms, beside 
bacterial antagonism, also play a signifi- 
cant part in determining the resistance 
of an animal to enteric cholera infection. 

It was found that immunization with 
both boiled vibrios or mucinase prepa- 
rations gave effective protection against 
infection. Whether the protection by 
mucinase immunization was actually 
due to the anti-enzyme or to antibodies 
to other antigens present in the mucin- 
ase preparations has not been deter- 
mined, 

Bacterial counts and mucinase deter- 
minations on the intestinal fluids of 
infected animals indicate that both 
types of immunization—though pro- 
tective—did not alter the course of the 
disease once it had been acquired, This 
conclusion is further supported by the 
fact that the time of death after infec- 
tion was not different for normal or im- 
munized animals. 

Large doses of endotoxin in the form 
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of heat-killed vibrios or of water soluble 
toxin preparation did not affect guinea 
pigs when given orally. A number of 
explanations for these findings are dis- 
cussed. 
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THE POSITION OF CLOSTRIDIUM TETANI WITHIN THE 
SEROLOGICAL SCHEMA FOR THE PROTEOLYTIC CLOSTRIDIA 


JAMES W. MANDIA 


From the Department of Animal Pathology, Kentucky Agricultural 
Experiment Station, Lexington, Kentucky 


In a serological study of strains of 
Clostridium sporogenes, Mandia and 
Bruner! showed that identification of 
proteolytic clostridia was possible by 
means of antigenic formulas based on 
the reactions of the heat-labile antigens. 
Of the 25 Cl. sporogenes strains which 
they studied, 18 formed a homogenous 
serological group and were referred to 
as group I of the proteolytic clostridia. 
Three strains designated as Cl. sporo- 
genes formed a second group with a 
of Clostridium parabotulinum. 
When a number of strains of Cl. para- 
botulinum and related organisms were 
included in the study, all reacted as 
members of the second group* This 
group was then referred to as serological 
group II of the proteolytic clostridia. 
A strain designated as Cl. sporogenes 
did not fall into either groups | or II, 
but showed, however, an agglutinative 
relationship to a strain of Clostridium 
histolyticum. When 13 strains of Cl. 
histolyticum were included in the study, 
they demonstrated none of the 12 pre- 
viously determined antigenic factors 
possessed by organisms of groups | and 
Il and they comprised a third homoge- 
nous serological group of the proteolytic 
clostridia, group III* 

Serological identification of repre- 
sentatives of these three species was 


strain 
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based upon the production of a floccular 
H type agglutination. The proteolytic 
clostridia, however, apparently demon- 
strate three types of agglutination‘: (1) 
a floccular (H type) agglutination oc- 
curring with motile strains after 1 hour 
incubation at 50 C; (2) a coarsely granu- 
lar heat-labile somatic type of agglutina- 
tion occurring with motile and non- 
motile strains after 3 hours incubation 
at 50 C (with motile strains this type of 
agglutination remains after the H floc- 
cules have been resuspended); (3) a 
finely granular heat-stable somatic type 
of agglutination occurring after 24 hours 
incubation at room temperature. 

The heat-labile somatic antigen of the 
proteolytic clostridia may be spoken of 
as the L antigen and the heat-stable 
antigen as the O antigen in accordance 
with the terminology of Henderson.’ He 
found the two somatic antigens to be 
serologically distinct in the nonmotile 
species Clostridium welchii, the L anti- 
gen producing a coarsely granular and 
the O antigen a finely granular aggluti- 
nation, both types appearing after 4 
hours of incubation at 43 to 45 C. It ap- 
pears that the L and O antigens of the 
proteolytic clostridia are species-speci- 
fic, while the H antigen is type-specific. 
Four strains identified as Cl. parabotu- 
linum were studied, however, which 
possessed the L and H antigens (as- 
signed factors 5 and 6, respectively) of 
Cl. parabotulinum and the O antigen 
(assigned the group Roman numeral 
factor II1) of Cl. histolyticum.* The sig- 
nificance of this antigenic crossing be- 


4. Mandia, J. W. 1952, J. Immunol. 69: 451-455. 
5. Henderson, D. W. 1940, J. Hyg. 40: 501-512. 











tween two distinct species of proteolytic 
clostridia at present is not understood. 

In the serological identification of 
proteolytic clostridia those organisms 
considered strains of Cl. sporogenes 
which do not react in the antiserums to 
any one of the groups I (Cl. sporogenes), 
II (Cl. parabotulinum) or III (Cl. his- 
tolyticum) serotypes are compared sero- 
logically with typical representatives 
of other proteolytic clostridial species, 
such as Clostridium bifermentans, Clos- 
tridium sordelli, Clostridium tyrosino- 
genes and Clostridium tetani. A nontoxic 
organism isolated by Dr. Louis D. 
Smith and identified as Cl. sporogenes 
S-17 was studied, which was not related 
antigenically to any of groups i, II or 
III serotypes, but demonstrated, how- 
ever, an agglutinative relationship to a 
strain of Cl. tetani. 

It was felt that perhaps other strains 
of the species Cl. tetani might demon- 
strate antigenic relationship to the Cl. 
sporogenes strain S-17 and form a ho- 
mogenous group within the serological 
schema for proteolytic clostridia in a 
manner similar to that previously de- 
scribed for representatives of the species 
Cl. sporogenes, Cl. parabotulinum and Cl. 
histolyticum. 

Apparently an agglutinative rela- 
tionship between organisms considered 
Cl. sporogenes and the species Cl. tetani 
has not been observed or reported pre- 
viously in literature. According to Gun- 
nison® and MacLennan,’ the eight rec- 
ognized H types and the nonmotile type 
VI of Cl. tetani possess an O antigenic 
relationship to several other species, 
notably Clostridium  tetanomorphum; 
however, the Cl. letani types possess a 
species specific O factor demonstrable 
by agglutinin absorption. 


6. Gunnison, J. B. 1937, J. Immunol. 32: 63-74. 
7. MacLennan, J. D. 1939, Brit. J. Exper. Path 
20: 371-376. 
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The purpose of this investigation was 
to study the antigenic structure of pro- 
teolytic strain S-17 designated Cl. sporo- 
genes, and strains of Cl. tetani and, if 
possible, to determine their position 
within the serological schema for pro- 
teolytic clostridia. 


MATERIALS AND METHODS 


According to Smith,*® strain S-17 (Cl. sporo- 
genes) was isolated in the following manner: 
Tubes of chopped meat with 1% glucose were in 
oculated with small samples (0.5 to 1 g) of soil, 
heated in a boiling water bath for a few minutes, 
and incubated overnight. About 0.5 ml of super- 
natant fluids was injected intramuscularly into 
guinea pigs, which died within 24 to 48 hours. 
Blood plates were streaked from infected muscle 
at some distance from the site of injection incu- 
bated anaerobically for 2 days, and medusa head 
colonies typical of the species Cl. sporogenes were 
selected for study. Cultures from these colonies 
were actively proteolytic, motile, fermented glu- 
cose and maltose and were nontoxic. The purpose 
of the experiment was to isolate strains of Cl 
sporogenes which invaded muscular tissue. 

Sixteen strains of Cl. tetani were studied. These 
strains were obtained through the courtesy of 
Miss Janet Gunnison. The strains were labelled 
according to type. Strain 1 was labelled type I; 
strain 2, type II; strains 3, 4 and 5, type ITI; 
strain 6, type IV; strains 7, 8 and 9, type V; strain 
10, type VI; strain 11, type VIT; strains 12, 13 
and 14, type VIII; strains 15 and 16, type IX. 
Strains of Cl. sporogenes 291 (group 1), Cl. para- 
botulinum 455 (group II) and Cl. histolyticum 
H-13 (group ITI), representative of each of the 
three serological groups of the proteolytic clos 
tridia, were included in the study. The sixteen 
strains of Cl. tetani were cultured in brain liver 
heart semisolid medium for 48 hours and plated 
on liver veal agar. A layer of agar approximately 
2 mm thick was poured over each streaked plate 
in order to eliminate spreading and to obtain 
discrete colony formation. The subsurface colon- 
ies formed after 48 hours incubation ina Brewer 
hydrogen jar were woolly in appearance. Single 
colonies of each strain were picked into brain 
liver heart semisolid medium and incubated 48 
hours and replated. After three successive plat- 
ings and colony selection, the final organism ob- 
tained for each strain was the stock cuiture em- 
ployed in these studies. 


The 16 Cl. tetani strains were found to possess 
8. Smith, L. D 


1953, Personal communications 
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the typical biochemical, cultural and toxigenic 
characteristics described for the species. That is, 
they were motile except for strain 10, which was 
nonmotile type VI; fermented no sugars; pro- 
duced indol and H,S; liquefied gelatin, and upon 
intramuscular injection of guinea pigs, they pro- 
duced tetanospasms followed by death within 48 
hours. The proteolytic activity of the Cl. tetani 
strains was investigated in coagulated egg-albu- 
men, blood serum, milk and egg-meat medium. 
Slight growth occurred but evidence of proteoly- 
sis was absent in tubes incubated without the 
use of special apparatus. Heavier growth and 
proteolysis was apparent in tubes incubated in a 
Brewer hydrogen jar after 15 to 30 days. In an 
attempt to obtain evidence of proteolysis of 
strains of Cl. tetani cultivated without the use of 
special apparatus, powdered reduced iron was 
added to the protein mediums. Hastings and Mc- 
Coy® found that added powdered reduced iron 
greatly improved milk as a medium for cultiva- 
tion of anaerobes. The proteolytic activity of the 
Cl, tetani strains in these mediums with iron in- 
cubated aerobically, was greater than that shown 
in the same medium without iron in a Brewer jar. 
Apparent digestion in each medium became visi- 
ble after 7 to 10 days incubation at 37 C, The 
proteolytic acitvity of Cl. sporogenes 291, Cl. 
parabotulinum 455, Cl. histolyticum H-13 and Cl. 
sporogenes 8-17 in the iron-protein medium was 
greater than that of Cl. tetani. The former species 
produced almost complete digestion of the iron- 
protein mediums after 7 to 10 days incubation. 

In order to obtain cellular suspensions of the 
Cl. tetani strains and Cl. sporogenes S-17 with a 
maximum development of the flagellar H antigen, 
a semisolid medium was inoculated with each 
strain; incubated for 48 hours, and 1 ml of the 
actively motile organism at the base of the tubes 
was pipetted into flasks containing 400 ml of 
horse meat infusion broth.' After 24 hours incuba- 
tion the broth cultures were formolized to a con- 
centration of 0.4%. These formolized whole 
broth cultures of the 16 Cl, tetani strains were the 
heat-labile antigens used in the agglutination 
tests and for the preparation of antiserums. Simi- 
lar broth cultures heat-killed at 100 C for 2 hours 
and formolized as employed in previous studies. 
produced autoagglutinable heat-stable antigenic 
suspensions of the Cl. tetani strains. It was found 
that by separating the heated Cl. tetani cells from 
the broth culture by centrifugation and resuspend- 
ing in 100 ml of 0.4% formolized saline, stable 
heated cellular suspensions were obtained. 

This method of preparing the heat-stable anti- 


9. Hastings, E. G. and McCoy, E. 1932, J. Bact. 
23: 54-55, 
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gens of the Cl. tetani strains was used also in the 
preparation of the heat-stable antigen of Cl. 
sporogenes S-17. The heat-stable antigenic sus- 
pensions were used undiluted in the preparation 
of antiserums and diluted 1:4 with saline in the 
agglutination tests. Antiserums were prepared 
to the heat-labile and heat-stable antigens of each 
of the 16 Cl. tetani strains and Cl. sporogenes S-17 
by injection of rabbits according to the method 
previously described.' All cellular suspensions 
used in the preparation of antigens and antiser- 
ums were first checked microscopically for the 
degree of sporulation. In all preparations the 
presence of spores or sporeforms was rare or en- 
tirely absent. The serological behavior of these 
antigenic suspensions, therefore, was considered 
due to that of the vegetative cells. 


RESULTS 


In the study of the heat-labile anti- 
gens, the formolized whole broth cul- 
tures were tested at dilutions of 1:20 to 
1:5000 of antiserums. After 1 hour incu- 
bation at 50 C the tubes were read for 
H agglutination and then they were in- 
cubated further for 2 hours and read 
again for L agglutination. In tubes con- 
taining both H and L types, the L ag- 
glutination was distinguished from H 
agglutination by gentle shaking which 
resuspended the H floccules and left the 
coarsely granular L clumps intact. 

In general, the specific heat-labile 
component in the 8 motile types of Cl. 
tetamt produced high titers (1:1000 to 
1:2000) and floccular H agglutination, 
while a group component produced low 
titers (1:20 to 1:500) and coarsely gran- 
ular L agglutination (table 1). Strains 
representing types II, III, IV and V 
formed one group, while strains repre- 
senting types I, VI, VII, VIII and IX 
formed another group. Strains 1, 2, 3, 6, 
8, 10, 11, 12 and 15 were selected to 
represent the Cl. tetani types | through 
IX, respectively. Several discrepancies 
occurred, however, between the type 
designations as received of strains 5, 7 
and 14 and their type reactions obtained 
in this study. Strain 5, labelled type III 
when received, reacted as type V; strain 
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TABLE 1.- 
Antigens 
Strains 2 3 6 
Type Il Ill IV 
2 II 2000 100 60 
3,4,7 lil 100 2000 100 
6 IV 50 50 §000 
5,8,9,14 Vv 50 100 100 
i I 
10 Vi 
il Vil 
12,13 Vill 
15, 16 Ix 


, Negative dilution, 1:20. 


7, labelled type V, reacted as type III. 
Strain 14, labelled type VIII, reacted as 
type V. 
designations were considered due to mis- 


These discrepancies in type 


labelling of cultures and were disre- 
garded. 

The absorption of the antiserums to 
strains representing types II, IV and V 
by cells of strain 3, type III, and the 
absorption of the antiserum to strain 3, 
type III, by cells of strains representing 
types II, [V and V removed a group fac- 
tor assigned numeral 15 (next in se- 
quence in the serological schema) and 
left specific factors assigned numerals 
16, 17, 18, and 19 for types II, III, IV, 
and V, respectively (table 2). Similarly, 
the absorption of the antiserums to types 
VI, VII, VIII and IX by cells of type | 
and the absorption of the type I anti- 
serum by cells of each of the types VI, 
VII, VIII and 1X removed a group fac- 


TABLE 2. 


Antiserums 


Strains 2 4 6 
Type II Il! IV 
Factors 15,16 15,17 15,18 
Strain 2 absorbed 16 2000 
by 
3 absorbed by 2 17 1000 
6 absorbed by 3 18 2000 
8% absorbed by 3 19 
10 absorbed by 1 
1 absorbed by 11 21 
11 absorbed by 1 22 
12 absorbed by 1 23,24 
15 absorbed by 1 23, 25 
12 absorbed by 15 24 
15 absorbed by 12 25 


, negative dilution, 1:20 





The determination of heat-labile 


Reactions of the heat-labile antigens of strains of C\. tetani 


Antiserums 


8 1 10 it 12 15 

Vv I vi Vil vill IX 
106 
100 
50 

2000 : 

2000 200 500 500 100 

200 500 100 100 100 

1000 500 2000 50 20 

200 200 100 2000 500 

1000 2000 


50 200 100 


tor assigned numeral 20; left specific fac- 
tors 21 and 22 for types I and VII, re- 
spectively, and left a subgroup factor 23 
common to types VIII and IX. Recipro- 
cal absorption showed that types VIII 
and IX possessed specific factors as- 
signed 24 and 25, respectively. After ab- 
sorption there was no specific factor left 
in the antiserum to the nonmotile type 
Vi. 

The heat-labile antigenic factors were 
determined for Cl. sporogenes S-17, as 
shown in table 3. The heat-labile com- 
ponent of Cl. sporogenes S-17 was re- 
lated to that found in the group made 
up of Cl. tetani types II, III, [V and V. 
The absorption of the antiserum to Cl, 
sporogenes S-17 by cells of Cl. tetani 
(strain 3) type III removed the heat- 
labile Cl. tetani group factor 15 and left 
a specific factor for S-17 assigned 26. 
The absorption of the antiserum to Cl, 


antigenic factors for strains of Cl. tetani. 


Antigens 
« ! 10 11 12 15 
Vv I VI Vil Vill Ix 
15, 91 20, 21 20 20, 22 20,23, 24 20, 23,25 
2000 
2000 
1000 
1000 500 
500 1000 
500 
500 
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Tai 3.—Determination of the heat-labile antigenic factors for C\. sporogenes strain S-17. 


Antiserums 


Cl. sporogenes 
S-17 
Factors 15, 26 
500 
2000 
2000 


Cl, tetani type III 
Cl. sporogenes 8-17 
5-17 absorbed by type III 
Type III absorbed by S-17 


15,18 
15,26 
26 
18 


, negative dilution, 1:20 


tetani type III by cells of strain S-17 
similarly removed the group factor 15 
and left the specific factor 18 for Cl. 
telami type III. Cl. sporogenes S-17, 
therefore, shares the group factor 15 of 
Cl. tetani and possesses a specific factor 
26 for itself. Based upon this heat-labile 
antigenic relationship to Cl. tetani, Cl. 
sporogenes S-17 could be identified, per- 
haps, as a nontoxic form of a new type 
of Cl. tetani. 


HEAT-STABLE ANTIGENS 


Upon incubation at room temperature 
for 24 hours, the heat-stable antigens of 
Cl. sporogenes S-17 and the Cl. tetani 
types reacted in the antiserums used in 
a previous study‘ to Cl. sporogenes 291 
(group |), Cl. parabotulinum 455 (group 
Il) and Cl. histolyticum H-13 (group 
IIl) at titers below 1:100. The heat- 
stable antigens of Cl. sporogenes 291, 
Cl. parabotulinum 455 and Cl. histolyti- 
cum H-13, however, reacted in the anti- 
serums to Cl. sporogenes S-17 and the 16 


Antigens 


Cl. tetani 
type IV 


15,19 


Cl. tetani 
type III 


Cl. tetani 


Cl. tetani 
V type Il 


type V 


15, 20 15,17 


100 
100 


sO 
100 


100 
100 


Cl. tetani strains at titers of 1:200 to 
1:1000. It appeared that all of these 
strains possessed a heat-stable antigenic 
factor in common but this factor was 
only slightly represented in the agglu- 
tinin titers of the antiserums to strains 
291, 455 and H-13 and better repre- 
sented in the agglutinin titers of the an- 
tiserums to strain S-17 and the Cl. tetani 
strains. When antiserums were prepared 
for the heat-stable antigens of strains 
291, 455 and H-13 in the same manner 
as for strain S-17 and the Cl. tetani 
strains, that is, from heat-stable anti- 
gens made from formolized saline sus- 
pensions of heated cells rather than from 
heated 24-hour broth they 
demonstrated a stronger common ag- 


cultures, 


glutinin factor giving titers above dilu- 
tion 1:100. Accordingly, for- 
molized saline suspensions of heated 
cells were prepared for 32 group I, 30 
group II, and 13 group III strains and 
tested in these new antiserums. 

All organisms studied 


similar 


represen ta- 


ras_e 4.—Determination of heat-stable antigenic factors for species of protcol-ytic clostridia. 


Cl. sporo 
genes 
group I, 
32 strains 


I, VI 


IV 2000 
IV 
IV 
IV, Vv 
iv, VI 


Antiserums Strain 


Factors 


sporogenes 291 I, 
arabotulinum 455 I, 
istolyticum H-13 itl 

Cl. tetant 111, atrain 3 

Cl, sporogenes S-17 
291 absorbed by 455 
455 absorbed by 291 
H.13 absorbed by 455 

Cl. tetant 3 absorbed by 455 
S-17 absorbed by 455 


cl 
cl 
cl 


negative dilution, 1: 100 


bot 


3O strains 


Antigens 


cl ra- 
inum 
group II, 


Cl. histo 
lyticum 
group III, 
13 strains 


Ill, Iv 


Cl. sporo 


Cl. tetani genes 


16 strains $-17 


I, IV 
500 


IV, Vv 


500 
500 
200 
5000 
1000 


1000 
500 








SEROLOGICAL SCHEMA OF CLOSTRIDIA 


tive of groups I, II and III of the pro- 
teolytic clostridia appeared to possess 
a common heat-stable factor as well as 
the specific heat-stable factors assigned 
Roman numerals I, II and III, as de- 
termined in a previous study.‘ More- 
over, the Cl. tetani strains and Cl. sporo- 
genes S-17 apparently shared this com- 
mon factor. The titers of the groups I, 
II, and III specific factors (table 4) 
were higher (1:2000 to 1:5000) than 
that of their common factor (1:200 to 
1:1000). The absorption of the anti- 
serum to Cl. sporogenes 291 by heated 
cells of Cl. parabotulinum 455 removed 
the common factor assigned Roman 
numeral IV and left factor I specific for 
the group I strains. Similarly, the ab- 
sorption of the antiserum to strain 455 
by cells of strain 291 removed the com- 
mon factor IV and left factor II specific 
for group II strains. The factor III spe- 
cific for group III strains was demon- 
strated by the absorption of the anti- 
serum to strain H-13 by heated cells of 
strain 455. The absorption of the anti- 
serum to Cl. tetani strain 3 (type II1) by 
heated cells of strain 455 removed the 
common factor IV and left a factor as- 
signed V specific for the strains of Cl. 
tetani. The absorption of the antiserum 
to strain S-17 by heated cells of strain 
455 removed the common factor IV and 
left a specific factor for strain S-17 as- 
signed VI. 

Apparently, in addition to species- 
specific antigenic factors, as determined 
in a previous study,‘ heated cells of rep- 
resentatives of groups I, II and III of 
the proteolytic clostridia also possess a 
common factor labelled IV. Sixteen 
strains of Cl. tetani and strain S-17 desig- 
nated Cl. sporogenes possessed the factor 
IV and specific factors labelled V and 
Vi. Based the the 


upon reactions of 


heat-stable antigens, it appears that the 


various species of proteolytic clostridia 
actually are very closely related. More- 





Fic. 5.——Positions of species serotypes 
of proteolytic clostridia. 


Serological 


group Serotypes 


Species 


_1V:1, 
» ese s porogenes 


parabotulinum 


histolylicum 


lelant 


’:20, 


IV, V1I:15, 26 
(Strain 8-17) 


Organisms 
which anti- 
genically in 
dicate species 
crossing 


Ill, 1V: 5,6 Cl. parabotulinum 


(infectious?) 


over, strain S-17, like proteolytic clos- 
tridia which are recognized as distinct 
species, possesses the common factor IV 
and a specific factor (V1) for itself; ac- 
cordingly, it should be considered as a 
representative of a species distinct from 
either Cl. sporogenes, Cl. parabotulinum, 
Cl. histolyticum or Cl. tetani. 

It is apparent that the primary sero- 
logical groupings of proteolytic clos- 
tridia should be based upon the reaction 
of the heat-stable antigen. Therefore, 
according to the system used in Sal- 
monella typing and recommended in the 
International Code of Nomenclature, 
it is proposed to assign the alphabetic 
letters A, B and C to the three primary 
serological groups of proteolytic clos- 
tridia, replacing Roman numeral I, II 
and III, respectively, as used in earlier 
papers.'~ Also, it is proposed to include 
representatives of the species Cl. letani 
within the serological schema as a new 
group D, and strain S-17 in another 
group, E, asa representative of a yet un- 
recognized species which is apparently 
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biochemically and culturally similar to 
Cl. sporogenes (group A) except that it 
can invade muscular tissue. 

The proposed serological groups and 
their various species serotypes are 
shown in table 5. The 4 strains of the 
previously designated Cl. parabotulinum 
serotype I11:5, 6 were found also to 
possess the common factor IV and the 
species factor III of Cl. histolyticum. For 
the present, these strains are placed in 
a group designated ‘organisms which 
antigenically indicate species crossing.” 
It is possible that perhaps later they can 
be shown to be bacterial hybrids. 


SUMMARY 


Sixteen strains representative of the 
of Clostridiuni 
tetani shared a heat-stable antigenic fac- 
tor IV common to the species Clos- 
tridium Clostridium para- 
botulinum, and Clostridium histolyticum. 
Upon absorption of the antiserums to 
representative strains of these four spe- 
cies, the agglutinin factor IV was re- 
moved and species specific factors la- 


belled I, Il, II] and V remained for Cl. 


nine recognized types 


Sporogenes, 
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sporogenes, Cl. parabotulinum, Cl. his- 
tolyticum, and Cl. tetani strains, re- 
spectively. 

An organism designated Cl. sporo- 
genes S-17 shared the heat-labile anti- 
genic factor 15 with the Cl. tetani types 
II, 11], 1V and V but not the heat-stable 
factor V specific for Cl. tetanmi. Strain 
S-17, however, possessed the common 
heat-stable antigenic factor IV and a 
specific factor VI for itself. Based upon 
the reactions of the heat-stable antigen, 
strain S-17 was considered representa- 
tive of a species distinct from Cl. tetani, 
Cl. sporogenes, Cl. parabotulinum, and 
Cl. histolyticum. 

It was proposed that the serological 
position of species of proteolytic clos- 
tridia be based upon the reactions of the 
heat-stable antigen. Since the heat-sta- 
ble antigenic factors were assigned Ro- 
man numerals, it was proposed to 
change the group designations I, II and 
I1l to A, B and C, respectively. The Cl, 
tetani strains were placed in group D and 
assigned antigenic formulas correspond- 
ing to the nine types. Cl. sporogenes S-17 
was assigned to group E. 








STUDIES ON THE TOXICITY OF TYPHUS RICKETTSIAE 


Ill. OBSERVATIONS ON THE MECHANISM OF TOXIC DEATH IN WHITE MICE AND 
WHITE RATS 


FRANKLIN A. NEVA* AND JOHN C, SNYDER 
From the Department of Microbiology, Harvard University School of Public Health, 
Boston 15, Massachusetts 


The lethal toxic effect of typhus rick- 
ettsiae for white mice is well known but 
the basic mechanism underlying this 
phenomenon has not been elucidated. 
The original observation by Gildemeis- 
ter and Haagen' that white mice died 
several after inoculation with 
murine typhus rickettsiae was confirmed 
and found applicable to the rickettsiae 
of epidemic typhus by Bengtson, Top- 
ping and Henderson.” Subsequently, cer- 
tain strains of scrub typhus were found 
to possess similar properties.’ Very re- 
cently, Pricet and Bell and Pickens® have 


hours 
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independently demonstrated that rick- 
ettsial strains of Rocky Mountain spot- 
ted fever are also toxic for mice. All of 
the above workers noted that the lethal 
toxic effect of rickettsiae for mice was 
intimately associated with viability of 
the microorganisms and could be neu- 
tralized by specific antiserum. Cox® has 
reviewed the practical application of 
the mouse toxicity test for titration of 
rickettsial suspensions, vaccine assay, 
and certain immunologic tests. 

In this laboratory it was found’ that 
white rats were susceptible to the toxic 
effect of typhus rickettsiae and that 
pathologic changes associated with rick- 
ettsial toxicity occurred in both white 
rats and white mice.* Mice appear nor- 
mal for 30 minutes or more after injec- 
with lethal toxic viable 
typhus rickettsiae. Soon thereafter the 


tion doses of 
following manifestations are observed: 
the animals huddle together; they be- 
come less active although they may ex- 
hibit sporadic sudden convulsive move- 


ments; respiration becomes labored and 
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cyanosis may be noted; finally, prostra- 
tion and death ensue within 1.5 to 6.0 
hours. With smaller doses of rickettsiae, 
toxic death may occur up to 18 hours 
after injection. 

The report of Fox and Clarke® in- 
cluded an attempt to elucidate the 
mechanism of the toxic action of typhus 
rickettsiae. These workers noted hemo- 
concentration and decrease in blood 
available by heart puncture in mice dy- 
ing of rickettsial toxic death; hence the 
presence of marked vascular permea- 
bility was postulated. 

It was hoped that the study of physio- 
logic changes associated with rickettsial 
toxicity in the intact animal might pro- 
vide some clues as to the basic mecha- 
nism involved. This paper presents stu- 
dies of the altered physiology associated 
with rickettsial toxicity in white mice 
and white rats and proposes an explana- 
tion for the mechanism based upon these 
and previous observations. 


METHODS 


As reported previously,’ rickettsial suspen 
sions were prepared from pooled yolk sacs of in 
fected embryonated eggs, distributed in aliquots 
and stored at —70 C in glass-sealed ampules 
until used. Before injection into animals, in 
fected suspensions were clarified of particulate 
material by centrifugation at 1000 r.p.m. for 5 
minutes and all dilutions were made in sucrose 
PG buffer solution at pH 7.0." A single pool of 
each of three rickettisal strains was used for all 
of the tests reported herein: the Wilmington 
strain of murine typhus (Rickettsia mooseri), 
the Brein! strain of epidemic typhus (Rickettsia 
prowazeki), and the human avirulent epidemic 
strain E," which nevertheless possesses toxicity 


9. Clarke, D. H.and Fox,J.P. 1948, The phenom- 
enon of in vitro hemolysis produced by the 
rickettsiae of typhus fever, with a note on the 
mechanism of rickettisal toxicity in mice. 
J. Exper. Med. 88: 25-41. 
Bovarnick, M, R., Miller, J. C. and Snyder, 
J. C. 1950, The influence of certain salts, 
amino acids, sugars and proteins on the 
stability of rickettsiae. J. Bact. 59: 509-522 
11. Gallardo, F. P. and Fox, J. P. 1948, Infection 
and immunization of 


10, 


= 


laboratory animals 


for mice comparable to the Brein! strain of epi- 
demic typhus. 

Animals used throughout were white Swiss 
mice of both sexes weighing 10 to 20 g, and white 
male rats of the Harvard Biological Laboratory 
(Hisaw strain) weighing 130 to 220 g. For the 
blood pressure experiments larger white rats of 
both sexes were used with weights of 400 to 500 
g- Animals were injected intravenously as pre- 
viously described’ in volumes of 0.25 ml for mice 
and 1.0 ml for rats, unless noted to the contrary. 
Rickettsial toxin titrations were done in mice 
by the intravenous injection of half-log dilutions 
into four animals at each dilution, such as 10, 
10°*4, 10°*, etc., and the LD was calculated 
by the method of Reed and Muench.” Inactiva- 
tion of rickettsial suspensions by heat was car- 
ried out in a water bath at 56 to 60 C for 30 min 
utes. 

Chemicals and drugs administered to mice in 
testing their effect upon rickettisal toxicity were 
injected intra-abdominally with the animal under 
light ether anesthesia. Experiments not reported 
in this paper indicated clearly that a few minutes 
of light ether anesthesia and the intra-abdominal 
injection of 0.25 ml or less of saline solution as a 
control material, had no significant 
upon the rickettsial toxin L Dyo 

Blood for specific gravity measurements was 
obtained in both white mice and white rats by 
cardiac puncture of the animal while under light 
ether anesthesia. In mice, blood coagulation was 
prevented by administration of 0.1 ml commer- 
cial heparin solution (Abbott) intra-abdominally 
no earlier than 20 minutes after injection of the 
rickettsial suspension or at least 10 minutes be 
fore bleeding. The possible effects of heparin 
upon the toxic phenomenon are considered in the 
text. Rats, however, were not heparinized to pre- 
vent coagulation of blood specimens. Instead, a 
standard volume of 0.5 ml of blood was drawn 
with a dry 23-gauge needle and a 1-m\ tuberclin 
syringe previously rinsed with liquid heparin. 
Blood specimens were stored in the refrigerator 
for no longer than 3 hours after being drawn be 
fore they were used for measurements of specific 
gravity. 

Whole blood and plasma specific gravities were 
measured by the falling drop method of Barbour" 
in xylene-brombenzene mixtures. Standard refer- 


influence 


with Rickettsia prowazeki of reduced patho- 
genicity, strain E, Am. J. Hyg. 48: 6-21. 

12. Reed, L. J. and Muench, H. 1938, A simple 
method of estimating fifty percent endpoints. 
Am. J. Hyg. 27: 493-497, 

13. Barbour, H. G. and Hamilton, W. F. 1926, 
The falling drop method for determining 
specific gravity. J. Biol. Chem. 69: 625-640. 








TOXICITY OF 


TABLE 1. 


Num 
ber of 
titra 
tions 


Rickettsial 
strain 

ioe wor 

20 Murine (Wilmington) 


12 Epidemic (strain E) 
5 Epidemic ( Breinl) 


0/18 
0/30 


[yPpHus 


Reproducibility of rickettsial toxin titration in white mice 


Ratio of survivors to total number injected 
cumulative, at dilutions 


< ‘ 
Mean Range tandard 
LD,.* LD deviation 
10°? of LDuf§ 


76/77 2.18 i 
32/32 2.00 1 
20/20 1.93 1 


3-7 0.11 
5-2 7 0.18 
$ 0.14 


& 
7 


s 


* Expressed as log of denominator of the dilution when calculated by the Reed-Muench formula 

t In 3 of the 20 titrations there were survivors after injection with 10 dilution; 1 of 4, 1 of 6, and 2 of 6 mice injected 
= In only one of 20 titrations death resulted from the 10°?-* dilution; in 1 of 4 mice injected 

§ At best this value represents a rather crude estimate of standard deviation: only a single dilution, tested in only 4 mice, 


lay between 100 and 0 percent mortality in each titration 


ence solutions were prepared with K,SO, and 
distilled water in mercury-calibrated volumetric 
flasks. Standard specific gravity solutions were 
stored under mineral oil. The dropping pipette 
was also calibrated with mercury. Estimation of 
whole blood and plasma specific gravity was 
then made from an alignment chart with temper 
ature correction on the basis of falling time values 
measured with a stop watch. 

Direct and continuous measurement of mean 
arterial blood pressure in the rat was accom 
plished by cannulation of a femoral artery with a 
PE100 polyethylene tube which was connected 
to a mercury manometer. The artery was can 
nulated, the polyethylene tube sutured firmly in 
place, and the wound closed while the rat was 
under ether anesthesia. Saline solution contain 
ing heparin comprised the fluid junction for the 
manometer, and 5 or 10 minutes after cannula 
tion an additional 0.3 ml of liquid heparin was 
injected via the cannula. The rat was placed 
in a cylindrical screen cage which allowed the 
animal only slight forward and backward move 
ment. Ends of the cylindrical screen cage were 
closed with only the cannula tubing and the tail 
protruding. The cage was securely taped on a 
table beside the manometer and the animal was 
allowed to recover from anesthesia. The manom- 
eter was equipped with an ink writing stylet so 
that continuous measurement of arterial blood 
pressure was recorded on a slowly moving paper. 
Rickettsial suspensions were injected into a tail 
vein after the rat had been cannulated. With this 
method blood pressures could be recorded with 
out anesthesia for periods up to 6 hours. The 
manometer and recording device did not have 
sufficient sensitivity to record pulse pressures but 
the dampened oscillation still permitted a check 
on the patency of the system. A three-way stop- 
cock between manometer and tubing allowed 
saline solution to be injected to flush the can- 
nula and to withdraw blood specimens. 


EXPERIMENTAL 
Reproducibility of the titration for rick- 


eltsial toxicity in white mice.—Over a 





period of one year a pool of each of three 
separate strains of typhus rickettsiae 
was titrated in white mice for lethal 
toxicity at various times but always un- 
der standard conditions. All of the tests 
including dilution of rickettsial suspen- 
sions were done by the same worker. In 
table 1 are summarized the results of 20 
titrations with a single pool of murine 
typhus rickettsiae, 12 titrations with 
one pool of epidemic typhus strain E, 
and § titrations with the Breinl strain 
of epidemic typhus. It is evident that 
for a biologic test the titration of rickett- 
sial toxicity in mice has a sat.sfactory 
degree of reproducibility. 

It should be noted that the method 
used provided either none, or only four 
animals, depending upon the end point, 
at a single dilution between 100 and 0 
percent mortality. Consequently, an 
accurate measure of LD 59 and a stand- 
ard deviation derived therefrom may 
not be justified in the strict statistical 
sense. However, the titration for rick- 
ettsial toxicity at half-log dilution in- 
tervals represents a standard procedure 
that was adopted after consideration of 
the possible sources of technical error 
inherent in the test. The data in table 1, 
therefore, show what may be expected in 
consistency of the test as routinely em- 
ployed. Upon the basis of our previous 


experience, as well as the results pre- 
sented here, differences up to one-half 
log in the toxic LD go for a given rickett- 
sial preparation have been considered 
due to chance for the test as performed 
in this laboratory. 
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Tas_e 2.—-Whole blood specific gravity values in white mice under various conditions. 


I Il 
Group No Normal 
injection yolk sac 
controls 
Time after injection No 75 to 
injection 100 min 
1.053 1.052 
1.051 1.052 
1.052 1.046 
1.052 1.044 
1.052 1.055 
1.049 1.052 
1.051 1.052 
1.053 1.054 
1.054 1.053 
1.050 1.056 
Whole blood specific 1.053 
gravity values 1.050 
1.049 
1.054 
1.051 
1.051 
1.055 
Mean 1.052 1.052 
0.0046 


Standard deviation 0.0036 


Group 1-—-Normal mice bled without previous _ tion 
Group Il-—-Injected intravenously with 0.25 mi o 
Group III 


murine typhus infection. 
Group IV 
Group 
Group V 


<< 





ill IV V VI 


Toxic dose Lethal Small Larger 
in immune toxic dose sublethal sublethal 
mice toxic dose toxic dose 
75 to 75 to 75 to 100 to 
100 min. 100 min 100 min. 135 min. 
1.055 1.059 1.053 1.059 
1.056 1.060 1.052 1.058 
1.055 1.069 1.053 1.058 
1.056 1.060 1.055 1.056 
1.052 1.074 1.054 1.058 
1.057 1.072 1.056 1.058 
1.053 1.057 1.049 1.057 
1.056 1.063 1.055 1.058 
1.057 1.073 1.052 1.049 
1.059 1.068 1.052 1.056 
1.058 1.071 1.055 
1.072 1.052 
1.068 1.059 
1.060 1.057 
1.059 
1.058 
1.055 
1.056 
1.061 
1.055 
1.053 
1.055 
1.056 1.066 1.053 1.056 
0.0019 0.0041 


0.0046 0.0063 


3.2% normal yolk sac. 
Injected intravenously with 0.25 ml of 3.2% infected yolk sac of murine typhus 23 to 27 days after previous 


Injected intravenously with 0.25 ml of 3.2% infected yolk sac of murine typhus. 
Injected intravenously with 0.25 ml of 0.2% infected yolk sac of murine typhus. 
Injected intravenously with 0.25 ml of 0.32% infected yolk sac of murine typhus. 


Percent yolk sac refers to grams wet weight of whole yolks sacs suspended in 100 mi sucrose PG solution 


Changes in blood specific gravity associ- 
ated with rickettsial toxicity in white mice 
and white rats.—The observation of he- 
moconcentration in mice dying of the 
rickettsial toxic effect® was investigated 
further by measurements of the whole 
blood and plasma specific gravity in 
white rats as well as white mice. Fur- 
thermore, the specificity of the findings 
in mice was assessed by study of the 
specific gravity values under various 
conditions, and the use of rats permitted 
multiple measurements in the same ani- 
mal. The falling drop technic requires 
only one drop of whole blood or plasma 
per determination, but in most instances 
duplicate falling times were clocekd on 
each sample. 

Findings in white mice.—Control ref- 
erence values of whole blood and plasma 
specific gravities were first obtained 
from 17 normal white mice. Whole blood 
specific gravity values from these ani- 


mals are listed under group I in table 2. 
Measurements were then made in 
groups of mice 75 to 100 minutes after 
injection with yolk 
under various conditions: group II mice 
received normal yolk sac suspension; 
group III was rendered immune to toxic 
death by infection with murine typhus, 
and then injected 23 to 27 days later 
with a suspension of murine typhus rick- 
ettsiae which constituted a known lethal 
toxic dose in susceptible mice; group IV 
received a lethal toxic dose of murine 
rickettsiae; and group V was injected 
with a small sublethal dose of murine ty- 
phus. Group VI animals received a 
slightly larger sublethal dose, of the same 
murine rickettsial pool given to groups 
III, 1V, and V but were bled for specific 
gravity values 100 to 135 minutes after 
injection. It should be noted that all 
mice except control group I were in- 
jected by the intravenous route, and all 


sac suspensions 
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Fic. 1.—Accumulated whole blood specific gravity values in white mice after intravenous injection 


of a lethal toxic dose of rickettsiae. Each mouse was injected intravenously with 0.25 ml of 3% yolk 
sac suspension of the same pool of murine typhus rickettsiae. 


received the same volume of inoculum, 
0.25 ml. Aliquots of a single pool of mur- 
ine typhus were used for groups III, IV, 
V and V1. Results are tabulated in table 
A 

The mean whole blood specific gravity 
in control mice which received no injec- 
tion showed no significant difference 
from mice which received normal yolk 
sac. These values, however, were in ob- 
vious contrast to the whole blood speci- 
fic gravities of mice dying from rickett- 
sial toxicity. A slight but significant in- 


crease in whole blood specific gravity 
was found in the group of immune mice 
given a lethal toxic dose (group III) and 
in those animals (group VI) bled ap- 
proximately 2 hours after injection with 
the larger sublethal dose of typhus rick- 
ettsiae. 

Values for plasma specific gravities 
are not tabulated in detail because the 
range and mean for each group were 
found to be almost identical (1.016 to 
1.023, with means of 1.018 or 1.019 for 
each group). 
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EXP. 4- TOXIC DOSE EXP 5- CONTROL 
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Fic, 2.—-Whole blood and plasma specific gravity values in white rats after intravenous injection 


with lethal toxic dose of epidemic typhus rickettsiae (exp. 4) and with control preparations (exp. 5) 
In experiment 4 each rat received 1.25 ml of 10% infected yolk sac suspension, which usually produced 
death in 2 to 4 hours. In experiment 5, rat no. 1 received 1.25 ml of 10% normal yolk sac suspension 
and no. 2, 3 and 4 were given 1.25 ml of the same infected suspension used in experiment 4 but heated 


at 56 C for 30 minutes. 


In figure 1 are shown whole blood spe- 
cifie gravity values from several experi- 
ments in which measurements were 
taken at varying time intervals follow- 
ing the intravenous injection of a lethal 
toxic dose of rickettsiae. The same dose 
of a single murine typhus pool was used 
in all experiments represented. In addi- 
tion to the very evident increase in 
whole blood specific gravity demon- 
strated in the scatter graph, it is appar- 


ent that the upward trend began within 
30 to 60 minutes after injection and was 
not merely a terminal event. On the 
basis of numerous other experiments 
with the same toxic dose in animals 
which were only observed and not bled, 
death occurred approximately 80 to 120 
minutes after injection. 

Findings in white rats.—With white 
rats it was possible to obtain blood speci- 
mens from the same animal before and 
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Femoral arterial blood pressure tracing of rat injected intravenously 


with normal yolk sac on January 9, 1953 


after injection with toxic doses of rickett- 
siae. They were found to show changes 
similar to 


those observed in 


mice, 
namely, that after injection the whole 
blood specific gravity incteased mark- 
edly. Typical responses are shown in fig- 
ure 2. In the experiments represented, 
pre-injection bloods were drawn by car- 
diac puncture 2 to 4 hours before injec- 
tion. Epidemic typhus rickettsiae were 
used and the control animals (exp. 5) 
received either a comparable amount of 
normal yolk sac suspension or heat killed 
rickettsiae. The decrease in whole blood 
specific gravities seen in the control rats 
and in the plasma values for the toxic 
rats was attributed to the effect of blood 
loss from the previous bleeding. 

Blood pressure in white rats dying of 
rickettsial toxicity.—The blood specifi 
gravity findings and the appearance of 
animals in the terminal stages of rickett- 
sial toxicity suggested a possible cor- 
relation of these events with changes in 
blood pressure. Therefore, continuous 
records of direct arterial blood pressure 


levels were made in rats which had been 
injected intravenously with lethal toxic 
doses of typhus rickettsiae. As described 
in greater detail under methods, a poly- 
ethylene cannula was firmly tied in a 
femoral artery and the animal remained 
in a cylindrical restraining cage during 
the experiment. 

It was first determined that rats sub 
jected to this procedure and injected in 
travenously with either suspensions of 
normal yolk sac or of heat-killed rickett 
siae maintained their blood pressures at 
normal levels for as long as 5 hours afte 
injection. withdrawal of 
0.8 ml samples of arterial blood via the 
cannula for hematocrit determinations 
from a rat injected with heat killed rick- 
ettsiae resulted in only a fall in hemato- 


Furthermore, 


crit but no effect upon blood pressure. 
Chese findings are illustrated in figures 
3 and 4, 

Technically satisfactory experiments 
of the same kind were performed in 6 
rats, all of which were injected with an 
equal toxic 


dose of epidemic typhus 
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Fic. 4.—-Femoral arterial blood pressure tracing of rat injected intravenousl) 


with heated typhus rickettsiae on March 2, 1953, 


rickettsiae. These animals all showed a 
consistent pattern of blood pressure re- 
sponse with either no change or a mod- 


death. In every instance death occurred 
within a period of 2 to 3 hours after in- 


jection of rickettsiae, and the terminal 
erately slow rise in pressure within two fall in 


hours after injection, followed by a pre- 


cipitous fall in pressure just 


blood pressure in all cases oc- 
curred only 20 to 30 minutes before 


before death. Representative tracings are re 
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Femoral arterial blood pressure tracing and hematocrits of rat injected intravenously 
with toxic dose of typhus rickettsiae on March 6, 1953. 
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Femoral arterial blood pressure tracing and hematocrits of rat injected intravenously 


with toxic dose of typhus rickettsiae on March 27, 1953 


produced in figures 5 and 6. From two 
toxic animals hematocrits were deter- 
mined on arterial blood obtained via the 
cannula; these showed a rise in hemato- 
crit after injection with rickettsiae. 
The hematocrit values in toxic white 
rats corroborate the blood specific grav- 
ity findings. These experiments clearly 
establish the fact that the hemoconcen- 
tration associated with the phenomenon 
of rickettsial toxicity in rats and mice 
occurs well before, and independently of, 
any change in the blood pressure 
Influence of various treatments upon 
rickettsial toxicity in white mice: effect of 
water deprivation. 


specific 


In view of the blood 
gravity changes compatible 
with hemoconcentration found in toxic 
mice and rats, hemoconcentration pro- 
duced by other means was tested for its 
possible influence upon rickettsial toxi 

ity. In preliminary experiments it was 
found that 13 to 18 g white mice main- 
tained on dry pellets of feed without 
water remained active and exhibited no 


obvious ill effects for as long as 5 to 7 


days. Mice deprived of water in this 
manner for 4 days lost approximately 
4 to 5 g of body weight and were found 
both 
whole blood and plasma specific gravi- 


to have a moderate elevation of 


ties. Several mice tested at random after 
4 days without water showed whoge 
blood specific gravities of approximately 
1.060 to 1.064 and plasma specific gravi+ 
ties of 1.023 to 1.026. 

In one experiment white mice kept 
without water for 2 and 4 days were 
compared to normal control mice with 
respect to the LD5o toxicity of a single 
murine typhus preparation titrated in 
each group. In another experiment a 4- 
day period of water deprivation was 
again chosen, but half of the mice were 
given 2 ml of saline solution intra-ab- 
before titration for 


dominally 1 hour 


rickettsial toxicity. The water deprived, 
saline treated, and a normal group of 
control mice were then all titrated si- 
multaneously for toxicity with the same 
murine typhus pool used previously. Re- 


sults are summarized in table 3. 
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TABLE 3. 


Exp. no Treatment 


No water 4 days 
i No water 2 days 
Normal controls 


2 No water 4 days plus saline? 


0 
0 
0 
No water 4 days 0 
0 
Normal controls 0 








-Comparison of rickettsial toxicity in white mice with and without 
water deprivation. 


Number of survivors 


Total number injected LDuw* 
Qo" 10°75 wo. 
0/4 2/6 2.62 
1/5 6/6 2.49 
1/4 44 2.16 
o/4 1/4 4/4 2.66 
0/4 44 4/4 2.25 
1/4 4/4 3/3 2.16 


Twenty previous titrations of the same murine rickettsial suspension in normal mice (see table one) gave a mean toxic 
LDvw of 2.18, with a range of 1.83 to 2.25, and a standard deviation of 0.11. 
* Calculated by the Reed-Muench formula and expressed as log of denominator of the LD dilution 


+ This group received 2 mi of saline 1 hour before titration, 


In both experiments the toxic LD5o 
appeared to be significantly altered in 
the water deprived mice as compared to 
the control group. In fact, a toxic LD 5 
of such magnitude was never encoun- 
tered in twenty similar titrations using 
the same rickettsial suspension in nor- 
mal mice. The single experiment sug- 
gested furthermore that this increased 
susceptibility to rickettsial toxicity by 
dehydration could be corrected by rehy- 
dration with saline solution immediately 
before the test. 

Treatment of rickettsial toxicity in mice 
by administration of fluid.—-The altera- 
tions in blood specific gravity in mice 
dying of rickettsial toxicity pointed to 
the obvious possibility that fluid ther- 
apy might prevent or modify the toxic 
effect of rickettsiae. This was tested in 
a number of experiments in which saline, 
10% glucose, or 5% gelatine solutions 
were given either intra-abdominally or 
intravenously, both before and after in- 
jection of rickettsiae in amounts up to 
1.0 ml per mouse. In some instances one 
or two of a group of mice given fluids 
did survive a lethal toxic dose of rickett- 
siae, but results with fluid therapy were 
neither consistent nor reproducible. 
From these experiments it was con- 
cluded that rickettsial toxic death in 
normal mice could not be prevented by 
the parenteral administration of saline, 
10% glucose, or 5% gelatine solutions, 


Effect of treatment with drugs and X- 
ray irradiation.—The possibility was 
considered that the toxic effect of typhus 
rickettsiae for mice might be mediated 
indirectly via neurogenic or vascular 
control mechanisms. The effect of treat- 
ment with various drugs therefore was 
tested by titrating simultaneously the 
toxic LD of a murine typhus rickett- 
sial suspension in a treatment and con- 
trol group of mice. Drugs used in treat- 
ment were first screened for an approxi- 
mation of the lethal dose in white mice 
and were generally used in maximal tol- 
erated doses. No significant differences 
of the toxic LDs» were noted in treated 
groups of mice as compared with con- 
trols with the following drugs: 0.25 mg 
atropine sulfate intra-abdominally both 
before and after injection of rickettsiae; 
0.01 mg adrenalin in two doses subcu- 
taneously after administration of rick- 
ettsiae; 0.2 mg Benadryl (Parke-Davis) 
intra-abdominally after injection with 
rickettsiae; 0.3 to 0.5 mg tetraethyl am- 
monium chloride intra-abdominally be- 
fore and after injection of rickettsiae; 
and 0.05 to 0.12 mg of mecholy! chloride 
subcutaneously after rickettsiae had 
been injected. The vasoconstrictors, 
ergonovine maleate and pitressin failed 
to show any protective effect in mice 
given 2 to 3 toxic LDso's of murine ty- 
phus rickettsiae. 

Other drugs were also tested. For ex- 











ample, 0.5 mg doses of BAL (British 
Anti-Lewisite)* intra-abdominally both 
before and after injection with rickett- 
siae, and 0.10 to 0.25 ml amounts of 
heparin (1000 units per ml) intra-ab- 
dominally after injection with rickett- 
siae showed no consistent or significant 
effect upon the toxic LDs5po. 

In view of the known enhancement of 
susceptibility of white mice to infection 
with epidemic typhus rickettsiae by X- 
ray irradiation,” it was of interest to 
test the possible effect of rickettsial 
toxicity in mice that had received X- 
ray irradiation. In two separate experi- 
ments no significant difference in the 
toxic LDs5o was observed in control mice 
as compared to mice irradiated with 500 
to 700 R from 3 to 4 days prior to the 
test. 

Additional observations on the phenom- 
enon of rickettsial toxicity: plasma sodium 
and potassium values in white rats dying 
of rickettsial toxicity.—Blood specimens 
were obtained from white rats 15 to 30 
minutes before injection with known 
lethal rickettsiae, and 
again shortly before death of the ani- 
mals. Similar experiments were done 


toxic doses of 


also to test the effect of injection with 
heat-killed 


and potassium values were determined, f 


rickettsiae. Plasma sodium 


no significant changes in plasma Na+ 
and K+ from pre-injection values were 
found, 

Leukocyte response associated with rick- 
eltsial toxicity.—In two experiments in- 
volving 10 white rats, differential counts 


* Kindly supplied by Hynson, Wescott, Dun- 
ning Company. 

14. Liu, P. Y., Snyder, J. C. and Enders, J. F. 
1941, Fatal irradiated white 
mice with European typhus by the intra 

Exper. Med. 73: 669 


infection of 


abdominal route. J. 
679. 
t We are indebted to Dr. Nancy Nichols, New 
England Deaconness Hospital, for the plasma 
sodium and potassium determinations. 
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and total leucocyte counts were done 
before injection and approximately 2 
hours after injection with lethal toxic 
doses of rickettsiae. Comparable studies 
were done on 4 rats injected with nor- 
mal yolk sac suspension, and 4 rats 
given heat-killed rickettsiae. Blood spe- 
cimens in all instances were obtained by 
heart The total 

no consistent 


puncture. leucocyte 


counts showed pattern, 
but the differential counts in toxic rats 
regularly showed an increase of 2 to 8 
fold in polymorphonuclear leucocytes 
over the pre-injection values. Two rats 
injected with normal yolk sac suspension 
showed a 3-fold increase in polymorphs 
while 2 animals showed no change. How- 
ever, the 4 rats injected with heat-killed 
rickettsiae all exhibited 2- to 6-fold rises 
in percentage of polymorphonuclears 
within 3 hours after injection. Too few 
animals were studied to allow any defi- 
nite conclusions in regard to specificity 
of the increase in polymorphocuclear 
leukocytes associated with rickettsial 
toxicity. 

Attempts to detect kidney damage in 
white rats dying of rickettsial toxicity. 
Since the blood specific gravity changes 
in toxic mice and rats were compatible 
with plasma loss, attempts were made 
to evaluate renal damage with conse- 
quent plasma loss via the urine in toxic 
white rats. The injection of Evan's blue 
dye, T 1824, intravenously prior to in- 
jection with toxic doses of typhus ricket- 
tsiae, was employed as a marker for 
urinary loss of plasma. Passed urine was 
collected in special screen-bottom cages 
and in some experiments bladder urine 
was examined in rats prepared by liga- 
tion of the urethra prior to the test. In 
each experiment control rats were also 
injected with T 1824. Most experiments 
visually detectable T 1824 in 
the urine of toxic rats as compared with 
either none or distinctly less blue color 


showed 
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in the urine of control animals. How- 
ever, in several experiments equal de- 
grees of bluish discoloration of the urine 
to visual inspection were found in both 
control and toxic rats. Under these cir- 
cumstances no definite conclusions were 
made as to possible renal damage and 
plasma loss via urine in white rats dying 
of rickettsial toxicity. 

Failure to transfer rickettsial toxicity 
via tissues or plasma exposed to ricket- 
tsiae.—The fact that rickettsial toxicity 
is intimately associated with the viable 
microorganisms themselves has been al- 
ready mentioned. Yet, the possibility 
might be entertained that the action of 
rickettsiae upon certain cells or plasma 
in the mouse or rat is only the first step 
in a series of events in the toxic reaction. 

In one experiment pooled plasma col- 
lected 1 to 2.5 hours after injection of 19 
mice with a lethal toxic dose of ricket- 
tsiae, and then injected intravenously in 
0.3 to 0.5 ml amounts into 3 fresh mice 
failed to produce untoward effects. 
Thus, under these circumstances, there 
was no evidence that the toxic effect 
could be transferred via the plasma of 
mice dying of rickettsial toxicity. 

In another experiment pooled mouse 
plasma incubated with large numbers 
of typhus rickettsiae at 37 C for 1 hour 
and then centrifuged free of rickettsiae 
failed to produce death or ill effects 
when injected into fresh mice. 

Freshly ground suspensions of normal 
mouse liver and spleen were incubated 
for 1 hour at 37 C with murine typhus 
rickettsiae. The centrifuged rickettsial 
free supernates of such suspensions also 
failed to produce death similar to the 
rickettsial toxic death when injected in- 
travenously into mice. A few of the mice 
died within 5 minutes after injection 
but these were attributed to causes 
other than rickettsial toxicity. 

Miscellaneous observations.—The idea 
was considered that there might be an 


altered susceptibility to rickettsial toxic- 
ity in mice which were reacting to diph- 
theria toxin. A titration of a rickettsial 


suspension was performed in control 


mice and in mice which were midway in 
the interval between inoculation of 2 
LDgo’s of diphtheria toxin and death 
therefrom. The end points were identical 
in the two sets of mice. 

Several experiments were done in an 
effort to determine whether alloxan in- 
duced diabetes in mice might alter re- 
sponse to rickettsial toxin. No consist- 
ent changes were observed. 

Pretreatment by the oral route with 
relatively large doses of chlortetracy- 
cline or oxytetracycline for 2 to 4 days 
had no effect on the toxicity titration 
end points of epidemic typhus in mice. 

DISCUSSION 

The mechanism of rickettsial toxicity 
for white mice and rats involves basic 
relationships between a viable micro- 
organism and its host. With present 
methods the titration of toxicity con- 
stitutes a more reproducible and stable 
indicator of biologic activity for typhus 
rickettsiae than infectivity for eggs or 
for susceptible animals." Although 
rickettsial toxicity and infectivity have 
hitherto been considered inseparable, it 
has recently been possible to dissociate 
the two properties by ultraviolet irradi- 
ation.” However, irradiated rickettsiae 
continue to exhibit metabolic activity 
and hence must still be regarded as via- 
ble organisms. 

The experiments described herein now 
make it possible to reconstruct the phe- 
nomenon of rickettsial toxicity in terms 


15. Allen, E. B., Bovarnick, M. R. and Snyder, 
J. C. 1954, The effect of irradiation with 
ultraviolet light on various properties of 
typhus rickettsiae. J. Bact. 67: 718-723. 

16. Fuller, H. S. 1954, Quantitative comparisons 
of responses of cotton rats and albino mice 
to measured doses of epidemic typhus rickett- 
siae. J. Immunol. 73: 138-145, 











of physiologic changes. It was shown 
that soon after injection with toxic 
doses of rickettsiae mice underwent an 
increase in whole blood specific gravity; 
it increased progressively and was not 
merely a terminal event. Control ex- 
periments established the specificity of 
the rise in blood specific gravity as due 
to the effect of viable rickettsiae, and 
the validity of these changes was 
strengthened by their demonstration in 
rats as well as in mice. Several experi- 
ments in rats disclosed an associated in- 
crease in hematocrit. Thus, it was evi- 
dent that a progressively increasing he- 
moconcentration occurred in mice and 
rats injected with toxic doses of typhus 
rickettsiae. 

Although several hypothetical possi- 
bilities could explain the occurrence of 
hemoconcentration it is necessary to 

interpret the observations in the light 
of all available knowledge concerning 
the toxic phenomenon. Hemoconcen- 
tration could result from an increase in 
circulating red blood cells, a decrease in 
circulating fluid portion of the blood, or 
a combination of both these events. 
However, examination of rats and mice 
which have succumbed to rickettsial 
toxicity shows marked engorgement of 
the viscera (including the spleen) with 
blood, rather than a depleted vascular 
system. We have invariably found a 
striking decrease in blood available by 
cardiac puncture in mice and rats 
shortly before death from rickettsial 
toxicity as was reported by Clarke and 
Fox.’ Although pooling of blood in the 
viscera of toxic animals might account 
for a decreased cardiac bleeding volume 
it would require selective pooling of 
plasma at the expense of red cells to pro- 
duce the hemoconcentration which was 
observed. Therefore, the only tenable 
explanation for the hemoconcentration 
is that a reduction in circulating fluid 


portion of the blood occurs instead of 
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an increase in red blood cells. Finally, 
since no significant changes in plasma 
specific gravity values were found in the 
presence of increased whole blood specific 
gravities, it follows that the decrease 
in circulating fluid represented loss of 
whole plasma rather than loss of water 
alone. 

Continuous blood pressure measure- 
ments, without anesthesia, in the intact 
rat after injection with toxic doses of 
rickettsiae showed that blood pressure 
was maintained at or very near normal 
levels until just before death, when the 
blood pressure suddenly failed, It should 
be noted that a hypotensive state could 
not have caused hemoconcentration 
since blood pressures remained normal 
until hemoconcentration had 
well established. This would indicate 
that the animals were capable of ad- 
justing to their fluid loss for some time 
until a critical stage was reached and 
compensatory mechanisms failed. 

The interpretation of physiologic 
events which has been discussed above 
is supported 


become 


by pathologic findings 
which have been described in mice and 
rats in association with rickettsial toxic- 
ity. The upper and mid portion of the 
small bowel was engorged with blood 
and the lumen of the gut showed the 
presence of yellowhish fluid. Actual 
hemorrhage of the bowel was often pres- 
ent in rats. No explanation is available 
as to why gross pathologic findings were 
confined to the small bowel unless this 
area is particulary vulnerable to vascu- 
lar injury. It is of interest that similar 
changes in the small bowel have been 
described'?"* in dogs subjected to ex- 


17. Erlanger, J. and Gasser, H. S. 1919, Studies 
in secondary traumatic shock II. Shock due 
to mechanical limitation of blood flow. Am. 
J. Physiol. 49: 151-173 

18. Werle, J. M., Cosby, R. S. and Wiggers, 
C, J. 1942, Observations on hemorrhagic 
hypotension and hemorrhagic shock. Am. J. 
Physiol. 136: 401-420 
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perimental shock. In our opinion it is 
likely 


tional plasma loss may have been pres- 


that in the toxic animals addi- 


ent diffusely throughout the body which 
could not be detected grossly or micro- 
scopically. 

The hepatic lesions of focal necrosis 
which occurred® several days after the 
administration of sublethal toxic doses 
of rickettsiae may represent the histo- 
logic sequelae of functional injury to 
cells by viable rickettsiae. Thus, it is 
possible that plasma loss in rats and 
mice dying of rickettsial toxicity is re- 
lated to direct injury of vascular endo- 
thelial cells and subsequent altered per- 
meability by large numbers of viable 
rickettsiae. 

The loss of normal vascular reactivity 
mediated by humoral factors, and sub- 
sequent visceral pooling of blood have 
been emphasized in the concept of ex- 
perimental shock. If similar factors 
play a role in the phenomenon of rickett- 
sial toxicity they probably are second- 
ary to other physiologic events which 
first produce plasma loss and hemocon- 
centration. 

The concept that fluid loss and hemo- 
concentration constitute the main path- 
ologic physiology of rickettsial toxicity 
in mice and rats is supported by the ex- 
indicated enhanced 


periments which 


susceptibility to toxicity in mice de- 
prived of water. Also, this enhanced sus- 
ceptibility could be corrected by ad- 
ministration of saline immediately prior 
to injection with rickettsiae. The ina- 
bility to protect normal animals from 
toxicity by parenteral administration of 
saline, glucose, or gelatin solutions does 
not necessarily invalidate this hypothe- 


sis. The problem of fluid treatment was 


19. Shorr, ! 
shock. IV. The role of hepatorenal vasocon 
strictive factors in experimental shock 
U.S. Army Med. Service Grad. School Sym 
on shock. 


1951, Etiology and mechanisms of 


the 
amount, rate, or type of fluid replace- 


not investigated exhaustively; 
ment may not have been adequate. Fur- 
thermore, it is possible that if damage 
to vascular permeability occurs it may 
be irreparable to any kind of fluid re- 
placement therapy. 

It should be noted that the phenome- 
non of rickettsial toxicity as exhibited 
in mice and rats and with which we are 
concerned is distinctly different from the 
hemolytic effects of typhus rickettsiae 
in rabbits reported recently by Paterson 
et al. These workers described an in- 
teresting response in rabbits injected in- 
travenously with large doses of murine 
typhus rickettsiae which was charac- 
terized chiefly by in vivo hemolysis of 
red cells, hyperkaliemia, hypotension, 


We 


have found that blood samples carefully 


and without hemoconcentration. 


drawn and processed from toxic mice 
and rats do not show hemolysis. Our 
findings of normal blood pressure until 
just before death, normal plasma potas- 
sium values, and progressive hemocon- 
centration are in distinct contrast to the 
findings in rabbits. In our opinion the se- 
quence of events in rabbits probably 
represents a manifestation of the hemo- 
lytic properties of rickettsiae and may 
differ considerably from the toxicity for 
mice and rats, in which no hemolysis is 
evident. 

The failure of various treatments and 
drugs to influence the rickettsial toxic 
effect suggests that the mechanism of 
toxicity is not mediated via indirect 
physiologic controls. It has already been 
shown that pretreatment with ACTH® 


20. Paterson, P. Y., Wisseman, 
Smadel, J. E. 1954, Studies of 
toxins. I. Role of hemolysis in fatal toxemia 
of rabbits and rats. J. Immunol. 72: 12-23. 

21. Kass, E. H., Neva, F. A. and Finland, M 
1951, Failure of ACTH to protect against 
acutely lethal toxins of influenza virus and 

Prom. Soc Biol. & Med 


L., Jr. and 
rickettsial 


rickettsiae Exper 


76: 560 563. 
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or cortisone” has no influence upon rick- 


ettsial toxicity in mice, so these hor- 
monal factors do not appear to be im- 
portant in the pathogenesis of this dis- 
order. Finally, the direct action of via- 
ble typhus rickettsiae upon the suscep- 
tible 


was not possible to transfer the toxi 


host appears necessary, since it 
properties via a humoral route from af- 
fected 


reasonable to postulate that the phe- 


animals. Therefore, it appears 
nomenon of rickettsial toxicity involves 
direct injury upon a cellular level which 
is initiated rapidly after administration 
of viable typhus rickettsiae. 

On the basis of the findings presented 
here and pathologic findings reported 
previously,* the following hypothesis 
can be advanced for the mechanism of 
rickettsial toxicity in mice and rats 
Large numbers of viable typhus rickett 
siae when administered to these ani 
mals produce direct injury to cells, par- 
ticularly to cells of the vascular endo- 
thelium. An alteration in capillary per- 
meability produces a rapid loss of 
plasma into the tissues, particularly 


those of the small bowel. The animal is 


22. Jackson, E. B. and Smadel, J. E. 1951, The 
effects of cortisone and ACTH on toxins of 
rickettsiae and Salmonella typhosa, J. Im 
munol. 66: 621-625 
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able to compensate temporarily for the 
plasma loss as evidenced by mainte- 
nance of normal blood pressure in spite 
of a progressive hemoconcentration 
With continuing plasma loss, however, 
circulating blood volume diminishes to 
the point where blood pressure cannot 
be maintained; and the animal dies after 


a sudden fall in blood pressure 


SUMMARY 


the 
typhus rickettsiae for white mice and 


Further studies on toxicity ol 
white rats have clarified the pathologic 
physiology which accompanies the phe- 
nomenon. Whole blood and plasma spe- 
cific gravity measurements in both mice 
and rats disclosed that a progressive 
hemoconcentration began very soon af- 
ter injection with a lethal toxic dose of 
rickettsiae. Appropriate control studies 
established the specificity of these find- 
ings. In rats, direct and continuous 
measurement of arterial blood pressure 
showed that, despite a progressive he 
moconcentration, the blood pressure was 
maintained at or near normal levels until 
shortly before death occurred. These 
events are interpreted as evidence that 
large numbers of viable typhus rickett- 
siae produce direct injury to cells, espe 


cially of the vascular endothelium. 
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Remarkably little attention has been 
paid to the nature of the induction 
period in the current hypotheses of anti- 
body formation. The one direct study 
of antibody synthesis during the in- 
duction period known to us is that of 
Green and Anker (1954). These authors 
first showed that the antibody concen- 
tration of carboxyl labeled C'*-glycine 
depended upon the isotope concentra- 
tion of the nonprotein glycine rather 
than upon the isotope glycine in the 
serum proteins. They then administered 
amino acids labeled with different iso- 
topes at different times during the same 
secondary 


ovalbumin in 


rabbits. Thus after a second injection 


response to 


of antigen in a rabbit, they gave C'* at 
10 hours, N“ at 41 hours and H? at 89 
hours. The period 
about 3 days, and peak titer occurred on 
the 5th day. They found that both C'* 
and N*, which were administered dur- 


induction lasted 


ing the induction period, appeared in 
the antibody on the 5th day. Further- 
more, by comparison with the serum 
protein labels in this animal and in a 


second animal administered C'*- and 
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N'-labeled amino acids, they calculated 
that 31% of the antibody protein was 
synthesized during the first 60 hours 
after the injection of antigen, i.e., the 
approximate duration of the induction 
period, whereas the remaining 69% was 
synthesized in the following 72 hours 
during the rise of serum antibody. The 
discrepancy between the interpretation 
of these and our results will be consid- 
ered in the discussion. 

In the present work, the synthesis of 
antibody during the induction period 
and during the rise of serum antibody 
was studied by dividing the immune 
process between two rabbits at about 
the end of the induction period. This 
division was effected by transferring 
spleen mince from a donor rabbit at the 
end of the induction period following a 
second injection of bovine serum albu- 
min (BSA) to a normal recipient rabbit 
(cf. Deutsch, 1899). Such or 
recipients were administered yeast hy- 
drolysate 


donors 


containing amino acids 
labeled with S*®. The antibody formed 
in the recipients (and in some donors 
after removal of the spleen) was then 
studied for radioactivity. A preliminary 
account by us (1955) has been pub- 


lished. 


MATERIALS AND METHODS 


Spleen transfer.—The 
sponse of rabbits to bovine serum albumin (BSA 
supplied by the Armour Laboratories 


mince secondary re- 
was used 
throughout the present investigation because the 
induction period and antibody rise to peak titer 
were each shorter and more clearly demarcated 
than the initial response and the initial response 
was used to select good precipitin formers. The 
primary and the anamnestic responses were in- 
duced about a month apart by the intravenous 
injection of 30 mg BSA/ml 0.85% NaCl/kg rab- 
bit. 
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\ good primary response was determined by 
the rate of disappearance of BSA labeled with 
yt, 


BSA trace-labeled with I and were presumed to 


Thus, rabbits were initially injected with 


be early and rapid antibody formers when the 
disappearance of I™ from their serum was mark- 
accelerated between the 8th and 9th day 
Talmage et al, 1951 All traces of 


label had disappeared from the serum by the tim« 


edly 
see iodine 
of the second injection of BSA and did not, there 


fore, interfere with later determinations of S*® 
radioactivity 

Three days after the second injection of a donor 
rabbit (counting the day of the second injection 
as 0 day), at a time which usually just preceded 
the appearance of precipitating antibody in the 
serum, the spleen was removed, weighed, minced 
by one up and down excursion in a Teflon tissue 
grinder in cold Krebs calcium-free phosphate 


rhe 


mince was put through a 100 mesh sieve and in 


saline with 0.1% added glucose (pH 7.4 


jected intravenously into one or more recipients 
\bout 
fifths of the original spleen passed through the 


either with or without washing four 


sieve. The recipients of the transferred spleen 
mince showed an early rise of serum-precipitating 
rhe 


material was washed by suspending it in 15 ml 


antibody with a peak titer on the 2nd day 


of the cold buffered solution, centrifuging at 1500 
r.p.m. for 10 minutes, and after discarding the 
supernatant, resuspending the sediment in the 
cold buffered 
was 6 to 8 


to 25 minutes with washing 


interval 
18 


The approximate 


solution. The in vitro 


minutes without washing and 
amounts of spleen mince injected per kg recipient 
rabbit are given in the tables. In general, when 
the spleen of a donor was small, i.e, less than 1.5 
g, the mince from the entire spleen was injected 
intravenously into a single recipient. When it was 
approximately 2 g, the mince was divided be 
tween two recipients, and, in one case when it 
weighed 4 g, it was divided among 3 recipients. 
Embolic accidents were frequent whenever much 
more than 1 g of splenic mince was injected intra 
venously into a rabbit 

For convenience, all donors injected with BSA 
and supplying spleen mince or serum to recipients 
14. All recipients of 
splenic mince or serum bear the number of their 
Lor B 
weighed between 2.5 and 3.2 kg and the recipients 
between 1.8 and 2.5 kg 
Mr. Harold Swift's 


snuffles-free. 


are numbered from 1 to 


donor with an suffix. The donor rabbit 


They were obtained from 


Lakeside Farm and were 


Variable but adequate amounts of antibody 
for study were formed in 23 recipients after re 


ceiving spleen mince from 13 donors. No detect 


able antibody was furmed, however, in 7 recipi 
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ents receiving spleen mince from 4 other donors 
The labeled 


acids were prepared by Abbott Laboratories and 


S*-labeled amino acids amino 
consisted of an acid hydrolysate of yeast to which 
was added unlabeled tryptophane in approxi 
mately the amount lost by the acid hydrolysis 
Chey were always injected into the rabbits intra- 
venously 


S pectfu 


serum 


Serums 


were divided into two groups: (1) serums from 


actwily o protein 


animals which did not receive S*® amino acids 
mince from 


the 


, recipients of splenic 
2) the 


serums, i.e., from animals that received S® amino 


directly, e.g 


labeled donors, and remainder of 
acids directly and which were accordingly labeled 
to a much higher degree. In group 1, 0.2 ml of 
each serum was precipitated with 0.8 ml water 


was 


and 1 ml 20% trichloroacetic acid (TCA) 
precipitate after washing with 1 ml water 
3 ml 0.04 N NaOH. It 
plated in duplicate in one ml amounts for radio 
and 0.5 ml of a 1:5 dilution 
was assayed for protein nitrogen (N). In group 2, 


dissolved in was then 


assay with saline 
0.05 ml of each serum was precipitated with 0.95 
ml water and 1 ml 20% TCA 
after washing with 0.5 ml water was dissolved in 
5 ml 0.04 N NaOH and was then plated in 


duplicate in 0.5 ml amounts for radioassay and a 


The precipitate 


0.5 ml sample was used for a protein determina 
tion. 
N was deter 
the Folin 
Cicolteau procedure as adapted by Lowry et al 
(1951) 

Specific activity of antibody 


Protein determination.— Protein 


mined by a slight modification of 


BSA was labeled 
I*BSA 


cipitation tests were done on each serum accord 


with I" and preliminary and final pre 
ing to procedures previously described (Talmage 
and Maurer, 1953; Talmage et al, 1954 


of each serum to be analyzed were mixed with 


Samples 


BSA in the region of slight antigen excess, which 
was estimated from the final I*BSA precipitation 
test. The 37 C for 30 
minute t days. The 


washed twice 


mixtures were incubated at 
and left in the refrigerator 
were then centrifuged 

in the cold with 0.85% NaCl and dissolved in 1.2 
ml of 0.04 N NaOH. Of this material, 0.5 


aliquots were used for protein and radioactivity 


precipitates 
mi 


determination 

\s a control for labeled complement and non 
specific serum factors carried down with the 
immune precipitate, aliquots of 25 ug of anti-EA 
N and 2.5 ug of EA (egg albumin) N were added 
to aliquots (0.5 to 3 ml) of anti-BSA serum. Pre 
cipitates were treated as above, except that the 
entire precipitate after dissolving in 0.5 ml of 
0.04 N NaOH was transferred to a planchet 


and counted 
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Fic. 1 


Relation of specific radioactivity of antibody protein N to the specific activity of serum 


protein N(A*/S*) in a labeled donor and after passive transfer of its serum to an unlabeled recipient. 
Note that A*/S* is 3.1 on the 3rd day and 1.5 on the 5th and 6th days in the donor. 


Decomplementation before analysis of antibody 
for specific activity.—The serums obtained from 
recipients given spleen mince from labeled donors 
were used undecomplemented. 

The serums from labeled recipients 9A, 9B, 
10A and 10B were decomplemented once by the 
addition of 50 yg anti-EA N per ml of serum and 
5 wg EA N. After incubation at 37 C for 30 min- 
utes, the mixtures were left overnight in the re- 
frigerator. The EA anti-EA precipitates after 
centrifugation were then discarded. The serums 
from rabbit 13A were decomplemented 3 times 
by the successive addition of the same quantities 
of EA and anti-EA with the same subsequent 
treatment as just described. This procedure was 
considered desirable to remove as much labeled 
complement as possible. This rabbit was a con- 
trol which received one injection of unlabeled 
antibody and serial injections of S® amino acids 

Radioassay.—The NaOH protein 
were placed on oxidized copper planchets with- 
in an area of 10 cm.* Radioactivity was deter- 


solutions 


mined in a gas flow internal Geiger counter.* In 


* Most determinations were made with model 
200A counters made by the Packard Instrument 
Co. 


all cases duplicate radioassays were made and 
calculations were based on a total of at least 1280 
counts. Frequently, a further radioassay was 
made with another counter on other samples. When 
necessary, the experimental counts were cor- 
rected for resolving loss and self absorption 
from empirical curves. Corrections for resolving 
loss were not necessary in counts of 2000/minute 
or under. At the approximate high limit of the 
samples (6000 counts/minute), the correction 
was about 5%. In none of the determinations of 
the specific radioactivity of antibody N was there 
enough material (0.1 to 0.15 mg/cm? planchet) 
to give appreciable self absorption. The same was 
true for determinations of the specific activity of 
serum N except in a few instances of very low 
activity. Radioactivity of proteins is expressed 
throughout the present paper as counts/minute 

ug protein N. 


EXPERIMENTAL RESULTS 
Stability of the S*® label.—The stabil- 
ity of the isotopic label was tested by 
the passive transfer of antibody from 
a labeled donor to a normal recipient 


and by the reverse experiment of the 
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TAPLE 1 


Comparison of complement and antibody in the serum of rabbit 13A after 3 decom 


plementations. This rabbit received unlabeled antibody and 1.4 mc S® during 7 days 


Complement 


Anti-BSA antibody 


Day after Original serum Decomplemented serumt Decomplemented serumt 
passive 
transfer wa N per Counts} per Counts} per N Counts per Counts per 
ml serum minute per minute per ve 3 — minute per minute per 
ug N ml serum = Corum ua N ml serum 
2 8.5 64.8 70.7 72.3 1.4 97.6 
5 8.3 60.3 56.7 43.0 2.2 92.4 
7 6.5 55.9 54.7 37.9 1.4 52.4 


t Three decomplementations with 50 ug anti-EA and 5 ue EA 
~ Determined by the radioactivity precipitated from the serum with the addition of 25 wa anti-EA and 2.5 we EA 


passive transfer of unlabeled antibody 
to a labeled recipient. 

The transferring labeled 
antibody to an unlabeled recipient are 


results of 


Donor rabbit 11 on 
the 5th and 6th days showed a specific 


given in figure 1. 


radioactivity of approximately 40.6 
counts/wg antibody protein N. When 
this antibody was transferred to the 


recipient, the specific activity remained 
approximately the same through the 
10th day of the passive immunization. 
In considering the donor and recipient, 
it should be pointed out that the serum 
proteins had reached a specific activity 
of approximately 27 counts/yg protein 
N at 


of dilution by 


the time of transfer. As a result 
the serum proteins of 
the recipient, this count immediately 
dropped to 2.8 counts/yg protein N. Its 
half disappearance time approximated 
5 days. The loss of specific radioactivity 
was due to the formation of serum pro- 
teins in the recipient to replace metabol- 
ic decay. No such dilution or disappear- 
ance occurred in the specific activity of 
the the recipient 
neither had antibody at the time of 
transfer nor made antibody later. These 
results indicate clearly that for a con- 


siderable time there is no appreciable 


antibody because 


loss of the labeled sulfur atom from the 
persisting antibody. 

The reverse transfer was made by in 
jecting the nonimmunized recipient 13A 
intravenously with 11.5 ml of a high 
titered unlabeled anti-BSA serum. This 





rabbit contained 142 yg antibody N/ml 
serum 10 minutes later. It then received 
0.2 m« 


tion of serum and 12 subsequent injec 


S*® immediately after the injec- 


tions of 0.1 me S*® at approximately 12 
hour intervals through the succeeding 6 
days. Radioassays on the 2nd, 5th and 
7th days gave a specific activity of 1.4, 
2.2 and 1.4 counts/minute/yg antibody 


N as contrasted with counts of 36, 41 
and 49 for serum protein N on the same 
days. These values indicate that the 


passively transferred antibody did not 
with 
the 
antibody per ml serum were 97, 92 and 


acquire an appreciable labeling 
S*. Actual radioactivity counts of 
52 per minute on the 2nd, 5th and 7th 
days, respectively (table 1). Comple 
ment analyses on control samples of the 
same serums indicated that, even after 
with EA 
Meth 


1 wg complement per ml 


decomplementation 3 times 
and anti-EA 


ods), about 


(see Materials and 
serum remained and alone gave 70.7, 
56.7 and 54.7 counts/minute/ml serum 
on the same days, respectively (table 
1). Thus, on the 7th day, complement 
the 


specific antibody activity. That it did 


accounted = fos entire apparent 
not on the 2nd and Sth days is probably 
due to the fact that a fixed amount of 
EA anti-EA the 
complement each serum, 
anti-BSA 
decreasing. On the 7th day, the ability 


and were used for 


analysis ol 


whereas the amount of was 


to bind complement was about equal in 


the two antigen antibody 


systems, 
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TABLE 2.— Specific radioactivity of serum and antibody protein N following 
S™-labeling of donor, 


Donor 
Antibody 
Serum Count 
Rabbit Mc S*® count we N per 
no adminis per per ml minute 
tered wa N, serum, per 
day 3 day 5 wa N, 
day 5 
! 0.26 w 987 60 
Z 0.56 71 2625 102 
] 0.5 *6 78 t 156 
‘ 1.06 143 t 376 
5 1.06 143 t 286} 
6 2:day 2.25 70 t 2105 
14 0.1 *6 16 251 53 





7 Killed on 3rd day 


Recipient 


Antibody 


Gram Serum 
donor count 
Rabbit spleen per uae N Count 
no per kg minute per ml per Percent 
recip per serum minute labeled 
ient ug N per 
day 2 we N 
1 0.42 0.11 11.3 0.7 1.2 
B 0.46 0.13 15.8 0.5 0.8 
2A 0.58 0.11 26.4 3.6 3.5 
2B 0.68 0.14 23.8 4.0 3.9 
3A 0.33 0.08 10.0 1.2 0.8 
4A 0.27 0.18 2.2 3.1 0.8 
4B 0.33 0.13 2.9 2.4 0.7 
5A 0.21 0.17 11.0 4.5 1.6 
5B 0.21 0.19 2.2 16.0 5.6 
6A$4 0.54 0.02 19.0 0.54 0.26 
6B 0.46 0.004 15.0 0.48 0.23 
14A$§ 0.44 0.02 6.6 0.15 0.29 
14B§ 0.47 0.01 15 0.29 


< 
1a 


Estimated value at 3 times the serum specific activity on day 3 


Estimated value at 2 times the serum specific activity on day 3 


§ Spleen mince washed once 


whereas the anti-BSA was more effi- 
cient at the earlier intervals due to the 
greater amount of precipitate. 

S*-labeled donors and unlabeled recip- 
ients.— The transfer of splenic materials 
from 7 S*® labeled donors into 13 un- 
labeled recipients resulted in the forma- 
tion of antibody with a very low specific 
radioactivity (table 2, last 2 columns). In 
8 recipients, the spleen mince was in- 
jected as rapidly as possible into the re- 
cipient without washing. Although this 
procedure entailed the injection of small 
amounts of donor serum, it was done 
because the cells of similar spleen mince 
transfers during hemolysin production 
progressively lost the ability to confer 
antibody-forming power on the recip- 
ient as the time outside of the body was 
prolonged. In donors 6 and 14, the 
splenic materials were washed and gave 
the lowest radioactivity. Interpretation 
of the results from donor 6 but not 14 
was complicated by the fact that donor 
6 only received one injection of S*® and 
its specific antibody radioactivity was 
only roughly estimated. The results are 
further explained in the following para- 
graphs. 








Probably the most accurate method 
of estimating the percentage labeling 
of antibody in the recipient is that 
employed for labeled donors 1, 2 and 
14. Each donor was labeled with 6 in- 
jections of S*® yeast hydrolysate at ap- 
proximately 12-hour intervals for 3 days 
beginning immediately after the anti- 
gen injection. On the 3rd day, the spleen 
was removed, and the mince from each 
spleen was divided between two recipi- 
ients. Labeling of the donors at the 
same rate was then continued through 
the 5th day. This was done to get the 
specific radioactivity of the antibody 
produced at this level of S*® administra- 
tion. The level of specific radioactivity 
would not be expected to change under 
these conditions because antibody was 
being formed during a constant dosage 
schedule of labeled amino acids. Had 
all of the antibody appearing in the 
recipients been labeled in the donor in 
precursor form, the radioactivity of the 
recipient antibody should be identical 
with that of the donor. The ratio of 
specific antibody activity in the recip- 
ient to that in the donor gives the per- 
centage of antibody in the recipient 
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TABLE 3 


Donor 


Anti 

body 

count Treatment Rabbit 
per of donor no 
pa N spleen 


Rab 
bit 
no. 


Mc S* 
adminis 
tered 


Serum 
count 
per 
ug N esti 
mated 
0.56 78 


156 Minced 


H,O lysed 


None Minced 


+ Donor 3 received 0.5 me S* 
received 0.4 mc S* in 1 injection 


at 12-hour intervals beginn 


unlabeled donor & 


which was labeled during the induction 
the 
that 


activity in the recipient was lessened 


period in donor. There was no 


possibility the specific antibody 
by a primary antibody response to anti- 
gen transferred in the spleen mince be- 
cause a primary response does not begin 
until the &th day or later. 

The specific radioactivity of anti- 
body in donor 1 was 60 counts/minute 
ug N, whereas the specific activities of 
recipients 1A and 1B were 0.7 and 0.5 
counts, i.e., labelings of 1.2% and 0.8%, 
respectively. No precipitating antibody 
could be detected in the donor serum on 
the day of splenic transfer although it 
contained coprecipitating antibody. The 
2A 2B 
sessed a higher radioactivity than recip- 
1A and 2B, i.e., 
and 3.9 


probably 


serums of recipients and pos- 


ients labelings of 3.5 
% respectively. These findings 
the 


passive transfer of a small amount of 


may be attributed to 


precipitating antibody in the spleni 
mince from donor 2 because the latter 
showed 81 yg precipitating antibody 
protein N/ml at the time of spleni 
transfer on the 3rd day. 


When 


doses of 


donors were given repeated 
amino acids, and 
the 3rd day at the 


time of splenic transfer, their antibody 


S*-labeled 


were sacrificed on 


labeling on the 5th day was approxi- 
mated by multiplying the specific activ 


ity of the serum proteins on the 3rd day 


The effect of water lysis of labeled spleen on the 


ng immediately after the inje« 
mmediately after receiving the 
t Recipient 3B received half the water lysed spleen from labeled donor 3 and half the 


transfer of labeled antibody 


Recipient 


Antibody 

Serum 
count y ( 

. ua N 

per per 
yer kg minute 
1 ~ my mi 
recip » 

ent ua N serum 


(ram 

donor Mc S* 
admin 
istered 


ount 
per 
minute 
per 
ug N 


spleen 


cent 


labeled 


33 None 
6 


0.08 10.9 


None 0.07 5.0 
48 


57 0.4f 18.0 ye 


tion of antigen and recipient 8A 
spleen mince 


pleen mince treated regulariy from 


bya factorof 2. The rationale for this pro- 


cedure is shown in figure 1, Administra- 
tion of 0.1 12-hour intervals to 
donor 11 ol 
39.8/minute/yg N for the antibody on 


mec at 


resulted in a mean count 


the 5th and 6th day. This figure was 3.1 
times the specific activity of the serum 
the 3rd 


periments, antibody 


on day. In other similar ex- 


the 


were 3.3, 2 and 1.5 times the 


activities on 
5th day 
specific activities of the serums on the 
jrd day 


lower than 2.5, the mean of the 4 ratios. 


The factor of 2 was, therefore, 


lor 
responding donors, data from the 4 
recipients, 3A, 4A, 4B and 5A, showed 
such low specific radioactivities fos 
antibody N that 0.7 to 1.6% of 


the antibody appeared to be labeled in 


Using this approximation cot 


only 


the donor during the induction period. 
Data from recipient 5B indicated that 
5.5% of the antibody was labeled in the 
donor, This high figure, we believe, is 
simply an expression of a low production 
ol 
with 11 wg/ml in its companion recip- 
5A) 


pointed out, received about the same 


antibody (2.2 ywg/ml as contrasted 


ient Both recipients, it should be 


amount ol spleen mince (table 2) from 
the same donor and, therefore, received 
passively about the same amount of 
labeled coprecipitating antibody, 

\ single dose of 2 mc S* 


donor 6 18 hours before the splenic 


was given to 


transfer. At this time, the serum spe ifn 
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Fie, 2, 


\ comparison of the antibody formed and its specific radioactivity in labeled donor 14 and 


its two unlabeled recipients 14A and 14B, In addition, the relation of the specific radioactivity of anti 
body and serum proteins (A*/S*) are shown in the donor. 


activity would be low as compared to 
the specific antibody label if the latter 
were being synthesized (cf. the 18-hour 
interval in fig. 1). As a conservative 
figure, we estimated the donor antibody 
as 3 times the serum protein specific ac- 
tivity. The spleen mince from this donor 
after being washed and injected into re- 
cipients 6A and 6B showed an estimated 
percentage labeling of only about 0.25%. 
Because of the uncertainty in estimating 
the specific radioactivity of antibody in 
donor 6, the spleen mince in donor 14 
was similarly washed but the donor was 
administered S*® twice daily for 5 days 
after receiving antigen so that a direct 
determination of antibody specific radio- 
activity could be made (fig. 2). The 
antibody in recipients 14A and 14B 
showed approximately the same degree 


of labeling (0.29%) as was estimated for 
recipients 6A and 6B. These results sub- 
stantiate the supposition that coprecip- 
itating and, at times, precipitating 
antibody is transferred passively in ap- 
preciable amounts in unwashed spleen 
mince. 

Therefore, eliminating the 3 highest 
readings because they probably were 
augmented by labeled coprecipitating 
or precipitating antibody transferred 
passively, the mean labeling of anti- 
body was 0.7% during the induction 
period as indicated by the data from 
6 donors and 10 recipients. The results 
obtained after washing the spleen mince 
indicate that 0.3% labeling may even be 
a truer value. 

That a little amino acid incorporation 
into antibody occurs during the_first 








3 dayst is suggested by 


the follow- 
ing experiment. The spleen from labeled 
donor 3 was minced and half of it was 
injected into recipient 3A. The other 
half, after mincing and discarding the 
distilled 


water in a Waring blendor and injected 


supernatant, was lysed with 
into recipient 3B. The spleen of un- 
labeled 
half of it was injected into recipients 3B 
and 8A. The lysed labeled fraction from 


donor 3 was transferred to recipient 3B 


donor 8 was also minced and 


to ascertain whether there was any 
utilization of labeled amino acids or 
other precursors of antibody from a 


spleen containing no living cells. The un- 
lysed unlabeled fraction from donor 8 to 
recipient 3B was added so that antibody 
synthesis would occur in the recipient 
the 
lysed 


utilization of 
the 


Had there been any 


radioactive materials from 
spleen mince, recipient 3B should have 
yielded antibody with a specific radio 
the 


activity of 1.2 counts/yug N, ie., 


count found in recipient 3A. Its count 
of 0.01, however, was below the range 
of experimental significance although 
commensurate 
produced in recipient 8A, 
table 3, 


the carry-over of 


it produced antibody 


with that 


These results, as shown in 


indicate that radio- 
activity in recipient 3A was due to the 
activity of living cells and not to co- 
the 


latter would be expected to survive the 


precipitating antibody because 
lysing process and to be passively trans- 
ferred. 

Unlabeled donors and S*-labeled rec ip 
tents.—Seven recipients received un- 
labeled spleen mince and were injected 


with S*® during the 2 days:of their anti- 


t It hould be 


may not 


noted that this small amount 


have been actually formed during the 


induction period. Provided the induction period 


was shorter than 3 days, the antibody could hay 
been formed during the early part of the antibod 


labeled 


splenic 


rise. Hence, the antibod, 


amount of 
might have been less had the material 
} 


been transferred a few hours earlier 
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whether the 
to the 


body rise to ascertain 


resulting antibody was labeled 
same extent as in labeled donor rabbits. 
The antibody rise in these recipients 
could thus be compared to the entire 
immune process when it was completed 
in one animal where the labeling (1) was 
limited to a corresponding period, i.e., 
the 3rd and 4th day, or (2) was given 
throughout the induction period and 
antibody rise, i.e., for 5 days. 

In comparing the various rabbits, 
probably the best criterion is the ratio 
of the specific radioactivity of antibody 
to that of the serum proteins. This is 
given in table 4 as A*/S* where A* rep- 
the 
N and S* the counts/minute/yg 


resents counts/minute/pe anti 
body 
serum N. These values were determined 
on the 5th day of antibody rise, i.e., day 
2 for all recipients and day § for all 
donors. 

The 
labeled 


labeling had taken place in the original 


that 
the 


indicate 


table 4 


recipients behaved as if 


data in 


immunized animal during the antibody 
rise and not during the induction period 
Che following points should be empha- 
(1) The A*/S* ratios varied with- 
0.9 to 2.5, 


sized 


in a narrow range, under 


several variations in the dosage of S*® 
i.e., when it was given, how it was 
given and whether it was given to a re 
cipient or a donor (or a potential donor) 
(2) The most direct comparison could 
be made between donor 9 and 
ients 9A and 9B 


during its antibody 


res ip 
Donor 9 was labeled 
rise iff a manner 
similar to its two recipients, i.e., begin 
ning immediately after splenic transfer 
Thus, recipients 9A and 9B (table 4A) 


produced 8.7 and 4.9 ye antibody N 


ml serum, which gave 22.3 and 18.9 
counts/minute/ug antibody N. Their 
\*/S* ratios were 1.4 and 1.8, respec 


9 (table 4B) formed 856 


wg antibody N/ml serum with a specifi 


tively. Donor 


radioactivity of 17.4 counts/minute/pg 
N and an A*/S* ratio of 1.3 


antibody 
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TABLE 4.-—Specific radioactivity of serum and antibody protein N following S*-labeling of 
recipients and donors. All data were taken on day 2 for recipients and on 
day 5 for donors. 
Serum Antibody 
. Gram donor count per A*} 
— 1 ee spleen per minute per ug N /per Count per 
‘ 4 kg recipient wg N ml serum minute per s* 
ug N 
A. Recipients labeled during antibody rise on 0 through ist day 
7A 1.0:day 1.25 0.95 27.2 20.0 51.3 1.9 
BA 0.4:¢ 0.57 18.0 7.1 27.0 1.5 
9A 0.14 0.39 16.2 8.7 22.3 1.4 
oB 0.14 0.31 10.6 4.9 18.9 1.8 
10A 0.14 0.40 8.4 5.9 13.4 1.6 
10B 0.4:day 1 0.50 13.9 6.1 24.2 1.7 
11A 0.1 «4tT 0.35 7.3 11.4 18.0 3.8 
B. Donors labeled during antibody rise on 3rd and 4th days 
9 0.14 13.4 56.0 17.4 1.3 
12 0.2:day 3 8.0 7.6 7.4 0.9 
C, Donors labeled during induction period and antibody rise on 0 through 4th day 
2 0.5 «10 103.0 2625.0 102.0 1.0 
1 0.2x10 56.7 987.0 60.0 1.1 
11 0.1 xK10 27.0 230.0 40.6 1.5 
14 0.1 *10 37.5 251.0 53.2 1.4 
+t The donor for recipient 11A was labeled at this same rate for the 3 days immediately preceding splenic transfer, (It wa 
also labeled for the 3 following days; see fig. 1.) 
t Donors 1, 2 and 11 were labeled for an extra day after the values in this table were taken. 
antibody count per minute per ug N 
§ This ratio= 
serum count per minute per ug N 
(3) It is interesting that rabbit 12 (in- fact that the serum proteins were 


jected with BSA a second time as were labeled to a relatively higher degree 





all the donors but actually not used asa = when the label was given 5 days rather 
than 2 days and the A*/S* ratio would, 


therefore, be lower. (5) When recipient 


donor) was labeled at approximately the 
beginning of the antibody rise and 
showed a low value of 0.9 for A*/S* 
(table 4B). On the other hand, recip- 
ients 7A and 10B were labeled 30 or 24 
hours after the splenic transfer and 
showed a value of 1.9 or 1.7 for A*/S* 
(table 4A). Since the label probably 
drops to a very low concentration in the 


11A and donor 11 were both labeled (the 
recipient for 2 days during the antibody 
rise and the donor for 5 days during the 
induction period and antibody rise), 
the A*/S* was higher in the recipient 
(2.5) than the (1.5). 
again, the serum proteins would be 
expected to have been labeled more 
and, hence, the A*/S* the 
donor would be lower than in the re- 


in donor Here 
amino acid pool by 12 hours (cf. Dovey 
et al, 1952), rabbit 12 would 


pected to have made less antibody un- 


be ex- ratio in 


der the influence of labeling and to have — cipient. 
had more time for the production of 
unlabeled antibody than 7A or 10B. 
Thus, the A*/S* would be 
pected to be lower in donor 12 than in 
recipients 7A or 10B. (4) When donors 
1 and 2 (table 4C) were labeled through 


The data presented in this section 
indicate that the incorporation of amino 
acids into antibody was not perceptibly 
deranged in the recipient by dividing 


ratio ex- 


the immune process between tworabbits. 
both the induction period and antibody DISCUSSION 
rise, the value for A*/S* was about 1 as A simple comparison of (1) the low 
contrasted with a mean of 1.6 for recip- radioactivity of antibody in recipients 
ients only labeled through the antibody 
rise (recipients 9A, 9B and 10A). This 


difference is undoubtedly due to the 


receiving splenic cells from donors 


administered S*-labeled amino acids 
with (2) the high radioactivity of anti- 
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them- 
selves S*-labeled amino acids during the 


body in recipients receiving 
rise of the serum antibody indicates 
that there is very little incorporation 
of amino acids into antibody during the 
induction period. The percent labeled 
antibody in unlabeled recipients re- 
ceiving spleen mince from labeled don- 
ors given in table 2 indicates that there 
were the following two groups of ani- 
mals: (1) 3 rabbits with high values 
(2A, 2B and 5B) ranging from 3.5 to 
5.6% and (2) 10 rabbits with low values 
ranging from 0.23 to 1.6% (mean of 
0.7% labeled). We have already given 
cogent reasons why the 3 high determi- 
nations were too high. Briefly, the pas- 
sive transfer to recipient 5B of labeled 
coprecipitating antibody from donor 5 
is strongly suggested by determinations 
the 
transfer and by the low amount of anti- 


on the donor serum at time of 


body produced in this recipient as 
compared to its mate 5A. The passive 
transfer to recipients 2A and 2B of 
precipitating antibody is suggested be- 
cause donor 2 possessed appreciable 
quantities of precipitating antibody in 
its serum at the time of splenic transfer, 
Less than 1% and possibly only 0.3%, 
therefore, of amino acids was incorpo- 
rated into antibody during the induction 
period under the conditions of our ex- 
periments. This amount is 3% or less of 
that reported by Anker 
(1954). 


We do not at present know why our 


Green and 


results differ so radically from those of 
Anker (1954), who 
cluded that 31% of the antibody was 
synthesized during the induction pe- 
There 


Green and con- 


difference 
associated with the different antigens 


riod. may be some 
used in the two studies or the immune 
process may be somewhat deranged by 
our method of transferring the immune 
More 
likely it is due to the fact that Green 
and Anker did not divide the immune 


mechanism with spleen mince. 
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process between two animals and did 
not take into account coprecipitating 
antibody or complement. These latter 
materials would have been labeled dur- 
ing the induction period in their work 
and would have been carried down in 
the immune precipitate on the 5th day 
when antibody was isolated for radio- 
assay. 

Taken at face value our results indi- 
that almost all of 
taining amino acids present in serum 


cate the sulfur-con- 
antibody are drawn from the amino 
acid pool during the rise of serum anti- 
the 
period. The lack of incorporation of 


body and not during induction 
amino acids into antibody during the 
that 


synthetic enzymes are developed during 


induction period may indicate 
the induction period which, once pres- 
ent, begin to form antibody. This in 
turn suggests the hypothesis of Burnet 
and Fenner (1949), although all hypoth- 
eses of antibody formation necessitate 


the assumption of new synthetic en- 


zymes either for all or a part of the 
process of assembling amino acids into 
the antibody molecule. If very little 


time elapses between the appearance 
of the suggested enzymes and the syn- 
thesis of antibody, the rise of serum anti- 
body should give an accurate approxi- 
lorma- 


mation of the rate of antibody 


tion. 


CONCLUSIONS 


The secondary immune response to 


bovine serum albumin was divided 


between two rabbits by transferring 
the antibody-forming capacity in splenic 
materials as follows: Three days after 
a second injection of antigen into donor 
rabbits at about the end of the induction 
period when there was some coprecipitat- 
ing but usually no precipitating anti- 
body in the serum, the spleens were 
removed, minced and injected intra- 
venously into normal recipient rabbits. 


The recipients showed an early rise of 
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due to 
which 


serum-precipitating antibody 


the transferred splenic cells 
reached a peak on the second day. 
Donors or recipients were administered 
yeast hydrolysate containing amino 
acids labeled with S*®. This procedure 
led to the following conclusions. 

1. Administration to donors of S*- 
labeled amino acids in single or repeated 
total radioactivity 


from 0.4 to 6 me during the induction 


doses ranging in 
period resulted in only a low value of 
radioactivity of precipitin in recipients. 
It was estimated that a mean of 0.7% 
of the total 
recipients was labeled during the in- 


precipitin formed in 10 
duction period of 3 days in the donors 
before the splenic materials were trans- 
ferred. Moreover, 4 of the 10 recipients 
which received washed spleen mince 
gave approximately only 0.3% labeling. 
Higher from 3.5 to 
5.6% in 3 recipients, could be partly 


values, ranging 
attributed to the passive transfer of 
labeled coprecipitating or precipitating 
antibody from the donors. Some copre- 
cipitating antibody was synthesized 
during the first 3 days, but has not been 
adequately studied. 

2. The administration to 


recipients (but not to their donors) of 


similar 


S*-labeled amino acids ranging in total 
radioactivity from 0.3 to 1 mec during 
the antibody rise resulted in a marked 
radioactivity of precipitin in the recip- 
ients. Specific activities of 1.3 to 2.5 
times that of the serum proteins were 
found.. The relative specific activity of 
serum and antibody proteins was ap- 
proximately the same in donors and 
their recipients labeled during the rise 
The 
amino acids into antibody, therefore, 


of antibody. incorporation ol 
was not perceptibly deranged by divid- 
ing the immune process between two 
rabbits. 

3. Control 


passive transfer experi- 


ments indicated (1) that S*® was stably 


bound to labeled precipitating antibody 
(2) that 


acquire 


in an unlabeled rabbit, and 
unlabeled did 
radioactivity in an 


antibody not 

an appreciable 

S*-labeled rabbit. 
4. The results indicate that 


all of the sulfur-containing amino acids 


almost 


present in the precipitating antibody 
were drawn from the amino acid pool 
during the rise of serum antibody and 


not during the first three days after 


antigen injection (induction period) 
They also (1) indicate that the rate of 
rise of serum antibody reflects the rate 
of antibody formation and (2) suggest 
that the induction period is concerned 
with the production of antibody-syn- 


thesizing enzymes rather than with 


amino-acid-containing antibody pre- 


cursors. 
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